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Background Concentrations of Metals in Soils from

Selected Regions in the State of Washington

By Kenneth C. Ames and Edmund A. Prych

ABSTRACT

Soil samples from 60 sites in the State of Washington
were collected and analyzed to determine the magnitude
and variability of background concentrations of metals in
soils of the State. This study, done in cooperation with the
Washington State Department of Ecology, was conducted
because the data are needed to determine if, and to what
degree, soils are contaminated at sites where contamina-
tion is suspected and to enable the application of consis-
tent clean-up guidelines that accurately reflect specific soil
environments. Samples were collected from the predomi-
nant taxonomic soil series in 12 different regions that are
representative of large areas of Washington. Individual
sites were chosen in areas that were relatively undisturbed
by human activities.

Concentrations of metals were determined by five
different laboratory methods that used different extraction
procedures to recover metals from samples for analysis.
Concentrations of 43 metals were determined by a total
method that uses strong acids to extract at least 95 percent
of each metal from the sample. Concentrations of 16 met-
als were determined by a total-recoverable method that
also uses strong acids but that extracts less of a metal than
does the total method. Concentrations of 17 metals were
also determined by 3 methods that used distilled water or a
weak acid to leach metals that are bound to the soil. These
methods are the American Society for Testing and Materi-
als method D3987-85, the Extraction Procedure Toxicity
test, and the Toxicity Characteristic Leaching Procedure.
Concentrations of metals determined by these methods
were typically less than 1 percent of the concentrations

determined by the total method, and concentrations of
most metals determined by these methods were less than
the laboratory’s minimum reporting levels.

The concentrations of metals in uncontaminated soils
collected in Washington State varied by as much as
62-fold. However, concentrations of metals determined
by the total method generally displayed less variability
than values determined by the other laboratory methods.
Concentrations of mercury determined by the total method
and nickel determined by both the total and total-recover-
able methods displayed the greatest variability, followed
by chromium and copper determined by the total-recover-
able method; all have arithmetic standard deviations
greater than two-thirds of their respective arithmetic
means. Concentrations of other metals, such as aluminum
and barium determined by the total method, varied less;
both have arithmetic standard deviations less than
one-third of their respective means.

Most metals concentrations determined by either the
total or the total-recoverable methods were found to be
from log-normally distributed populations or were more
nearly log-normally than normally distributed. However,
concentrations of four metals determined by the total
method and three metals determined by the total-recover-
able method were found to have been sampled from
populations that were normally distributed.

The Kruskal-Wallis test indicated that metals con-
centrations determined by either the total or the total-
recoverable methods were significantly different among
the 12 regions, with the exceptions of total copper and
total manganese concentrations. However, the Fisher’s



Least Significant Difference test, used to locate differences
among the 12 population means for each metal, indicated
that total metals concentrations between many regions
were not statistically distinct. In contrast, metals concen-
trations determined by the total-recoverable method were
not as similar among different regions, and only total-
recoverable concentrations of arsenic and lead were statis-
tically similar (at a 95 percent confidence level) among the
different regions. Cluster analysis revealed that sampling
sites in three regions encompassing the Puget Sound could
be regrouped to form two new regions. One group con-
sists of sites located in an inner ring encompassing Puget
Sound, and the other group forms an outer ring in the
Puget Sound uplands. Sites in three regions in south-
central and southeastern Washington State could also be
regrouped into two new regions.

For 7 of 11 metals tested, concentrations of metals
determined by the total method correlated with concentra-
tions of metals determined by the total-recoverable
method at a 95 percent confidence level. For 6 of 18 met-
als tested, concentrations of metals determined by the total
method also correlated positively with organic carbon con-
centrations. Concentrations of metals determined by the
total-recoverable method did not correlate at a 95 percent
confidence level with either organic carbon concentrations
or the amounts of fines, suggesting that concentrations of
metals determined by this method are primarily dependent
upon the partial digestion of the various mineral phases
within each sample. Concentrations of most metals deter-
mined by the leaching methods did not correlate with con-
centrations of metals determined by either the total or the
total-recoverable methods and did not correlate with the
amount of carbon or silt- and clay-sized particles. There-
fore, the concentrations of metals in the leachates are
probably independent of the exchange capacity in the
soils. The analytical method for total concentrations was
typically about twice as precise as was the total-recover-
able method, and the leaching methods were much less
precise than either the total or total-recoverable method.

INTRODUCTION

In 1987 the Washington State Department of
Ecology (Ecology) and the U.S. Geological Survey
(USGS) began a series of cooperative studies to obtain
information on the magnitude and variability of back-
ground metals concentrations in soils. This information
was needed to determine if, and to what degree, soils were
contaminated at sites where contamination is suspected
and to enable the application of consistent clean-up guide-
lines that accurately reflected specific soil environments.

Background

The first of these studies was a pilot investigation of
a part of the Big Soos Creek drainage basin in King
County. In that study (Prych and others, 1995) 27 soil
samples were collected from 9 sites over an area of about
30 mi? at depths up to 5 feet (fig. 1). The samples were
analyzed for 17 to 44 different elements by 4 different
laboratory methods. The U.S. Environmental Protection
Agency’s priority pollutants of primary interest included
antimony (Sb), arsenic (As), beryllium (Be), cadmium
(Cd), chromium (Cr), copper (Cu), lead (Pb), mercury
(Hg), nickel (Ni), selenium (Se), silver (Ag), thallium (T1),
and zinc (Zn) (U.S. Environmental Protection Agency,
1988). (For convenience, all elements will hereafter be
referred to as metals.)

The method used to extract metals from a soil sample
in the laboratory can strongly influence the reported con-
centrations of metals in the soil. Although several differ-
ent methods are commonly used in environmental
investigations, four of the most common methods were
used in the Soos Creek study. Two of them were a total
and a total-recoverable method. The total method
involved complete digestion of the solid material, whereas
the total-recoverable method removed less than 95 percent
of the solid material (Fishman and Friedman, 1985). Met-
als concentrations determined by the two methods were
found to differ by as much as an order of magnitude.
Metal concentrations were also determined from leachates
produced by two different methods used to simulate leach-
ing processes in soils under extreme conditions: ASTM
(method D3987-85, American Society for Testing and
Materials, 1985) and EP-TOX (Extraction Procedure Tox-
icity Test; method 1310, U.S. Environmental Protection
Agency, 1986). Because the distribution of metals in soil
and the extractability of metals from soil samples are influ-
enced by such soil characteristics as particle-size distribu-
tion, pH, and content of organic matter, the Soos Creek
study determined these characteristics for each of the
samples collected.

The Big Soos Creek drainage basin study provided
both a foundation of information and a model from which
future study designs could be formulated. However, the’
knowledge about background metals concentrations in
soils was limited by the relatively small study area and
small number of samples, and the transferability of the
results of the Soos Creek study to areas outside of its
drainage basin was unknown. This present study was
designed to cover a much larger area of the State so that
the distribution and variability of metals in soils in
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representative regions in the State could be assessed and
the qualitative and quantitative differences between these
regions could be compared.

Purpose and Scope

This report presents data on the magnitude and vari-
ability of background concentrations of metals in soils in
selected regions throughout the State of Washington and
the determinations of differences among selected regions.
The report presents, in tabular form, all the data collected
for this study and summary statistics for all metals deter-
mined by the five laboratory methods. The frequency dis-
tributions of the data are discussed, and analyses of the
variability of concentrations of metals determined by the
total and total-recoverable methods among regions are
presented, as are the matrices of correlation coefficients
between total and total-recoverable metals concentrations
and between metals concentrations and other soil
characteristics.
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STUDY AREA AND SOIL REGIONS

Samples were collected from regions A, C, D, F, G,
J,L,M, O, P, R, and U (fig. 2). Even though a region con-
tains a number of different soil series, the number of soil
series sampled within a single region depended on the
original sampling design. Certain regions were chosen to
have multiple samples retrieved from a single soil series at
different locations, while other regions had samples
collected from five different soil series. Table 1 lists the
locations and physical descriptions of the soils sampled
from every region, and the Description of Soils section
lists the characteristics of soils common within a region
and of the series sampled for each region.

Sampling Design

A stratified sampling design, described by Bennett
and Franklin (1954) and Iman and Conover (1983), was
used to incorporate the areal differences among soils in
Washington State. The State was divided into 24 different
regions (fig. 2), which were adapted from the general soil
groups of Washington (Chapin, 1968), the physiographic
regions presented by Livingston (1969) and Lasmanis
(1991), and the major geologic units that compose the
State (Hunting and others, 1961). Twelve of these regions,
which compose the majority of 1and most affected by
urban, agricultural, and industrial development, were sam-
pled in this study. Samples were collected from the pre-
dominant taxonomic soil series in each region. In most
regions, soils from three or more different soil series were
collected; however, in some regions, one or two soil series
were so extensive that samples were collected only from
those series. Soil samples were collected at 5 sites in each
region (for a total of 60 samples). The locations of indi-
vidual collection sites within a specified soil series were
chosen at random in areas that were relatively undisturbed
by man (that is, away from major roads or highways,
housing developments, farming or cultivated areas, and so
on).

For this report, the term sampling site, or site, refers
specifically to an area of approximately 1 acre, from which
a composite was made from five samples collected at shal-
low depth (less than 38 inches) and thoroughly mixed to
produce one representative sample to reduce the effect of
local variability. Samples are designated by region and
site (for example, sample A2 denotes a sample collected in
region A at site 2). Duplicate samples are always desig-
nated as site location 6, and a duplicate designation imme-
diately follows the designation of the sample from which a
duplicate was made. For example, sample F6 is the
duplicate of sample F2 (see table 1).

Five samples from each of the 12 regions were
collected and analyzed for 16 metals by the total-recover-
able method, for PCB's, for TPH, and for particle-size dis-
tribution. Three samples from each region were analyzed
for 43 metals by the total method and for organic and inor-
ganic carbon. One sample from each region was analyzed
for 17 metals by the ASTM, EP-TOX, and TCLP methods.
Table 2 lists the individual metals determined by each lab-
oratory method and their respective laboratory minimum
reporting levels. Explanations of each of the different ana-
lytical methods are presented in the "Laboratory Methods"
section.
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Table 1.--Sampling locations and physical descriptions of soils in Washington

[Soil description abbreviations of colors and qualifiers: brn, brown; ol, olive; It, light; dk, dark; pl, pale; yl

(preceding color), yellowish; brn (preceding color), brownish; gry (preceding color), grayish; ext, extremely;
grv, gravelly; fn, fine]

Sam- Land

ple surface Sample depth
num- Lat- Long- elevation  Soil Soil (inches)
ber itude itude (feet) series! Soil description? horizon® top  bottom
Soil samples from Region A:

Al 463937 1234536 280 Willapa yl. brn. silty clay loam B2 24 30
A2 465952 1233542 160  Zenker dk. brn. loam B2 24 30
A3 463110 1233352 360  Zenker dk. brn. loam B2 24 30
A4 464120 1225527 480  Melbourne  dk. brn. silty clay B21 24 27
A5 463337 1230623 520  Melbourne  dk. brn. silty clay B21 24 27
A6  (duplicate of sample AS)

Soil samples from Region C:

Cl 465553 1240957 10 Dune land gray sand -- 26 30
C2 465125 1240634 2 Duneland gray sand - 25 31
C3 463628 1240232 20 Netarts It. brn. gray fine sand C 25 31
C4 462602 1240317 5 Dune land gray sand -- 26 30
C5 462116 1240157 20 Yaquina ol. brn. fine sand C 24 30
Soil samples from Region D:

D1 483904 1222930 340  Cathcart It. brn. sandy loam B2 22 28
D2 483908 1222926 70 Cathcart It. brn. sandy loam B2 22 28
D3 484152 1222929 250  Cathcart 1t. brn. sandy loam B2 25 31
D4 484809 1221033 310 Schnorbush  1t. brn. clay loam B3 26 32
D5 484332 1220527 1,150  Heisler brn. clay loam B2 24 30
Soil samples from Region F:

F1 470353 1221824 540  Everett brn. sandy loam C 26 32
F2 465501 1223333 380 Spanaway 1t. brn. gray loamy sand C 24 30
F6  (duplicate of sample F2)

F3 465728 1223904 370 Everett ol. brn. loamy sand C 24 30
F4 475451 1221040 120  Everett brn. sandy loam C 24 30
F5 482413 1221025 800  Everett brn. sandy clay loam C 26 32



Table 1.--Sampling locations and physical descriptions of soils in Washington--Continued

Sam- Land

ple surface Sample depth
num- Lat- Long- elevation  Soil Soil (inches)
ber  itude itude (feet) series! Soil description? horizon? top  bottom
Soil samples from Region G:

Gl 454159 1223043 267 Lauren brn. loam B2 24 30
G2 454014 1224057 50 Wind River  dk. gry. brn. loamy sand  Cl 24 30
G3 454050 1224424 10 Sauvie dk. gr. brn. clay loam B2 24 30
G4 454653 1223558 215 Dollar brn. loam B2 24 30
G5 454742 1224135 175 Gee dk. brn. silty clay loam B 24 30
Soil samples from Region J:

n 484833 1192416 255 Colville 1t. gray silty clay loam B2 26 32
J2. 483446 1192836 950 Pouge brn. sandy loam IIC 30 36
I3 480522 1194153 770 Pouge brn. sandy loam IIC 28 34
J4 482415 1192705 1,200 Pouge brn. sandy loam IcC 32 38
J5 484313 1192153 1,480 Cashmere pl. brn. sandy loam Ci 30 36
Soil samples from Region L:

L1 473642 1204021 1,600 Burch yl. brn. sandy loam C1 26 32
L2 473251 1203128 1,200 Burch yl. brn. sandy loam C1 26 32
L3 473740 1203824 1,500 Burch yl. brn. sandy loam C1 26 32
L4 472924 1202000 1,250 Burch yl. brn. sandy loam C1 26 32
L6  (duplicate of sample L4)

LS 472943 1202117 1,280 Burch yl. brn. sandy loam C1 25 31
Soil samples from Region M:

M1 470433 1202247 2,320 Wenas dk. gry. brn. sandy loam B2 24 30
M2 465846 1203919 1,900 Naches dk. yl. brn. clay loam B3 25 31
M3 465114 1201724 2,140 Renslow brn. loam B2t 25 31
M4 46512 1201624 2,215 Selah It. brn. gray clay B22 25 31
M5 470058 1203855 1,760 Reeser brn. silt loam B2 24 27
Soil samples from Region O:

Ol 461432 1191954 1,300 Shano pl. brn. silt loam B3 24 30
02 461727 1194435 1,180 Warden pl. brn. silt loam B2 24 30
O3 462522 1204526 1,120 Shano pl. brn. silt loam B3 24 30
04 461843 1202937 1,000 Warden pl. brn. silt loam B2 24 27
O5 464114 1203916 1,335 Weirman gry. brn. ext. grv. sand 1IC2 20 26



Table 1.--Sampling locations and physical descriptions of soils in Washington--Continued

Sam- Land

ple surface Sample depth
num Lat- Long- elevation  Soil Soil (inches)
ber  itude itude (feet) series! Soil description? horizon3 top  bottom
Soil samples from Region P:

Pl 470608 1175445 1,710  Walla Walla dk. brn. silt loam B3 28 34
P2 465848 1174302 470 Athena brn. silt loam B22 30 36
P3 462437 1180414 1,680 Athena brn. silt loam B22 30 36
P6  (duplicate of sample P3)

P4 461153 1180928 1,770 Athena brn. silt loam B22 30 36
PS5 461307 1181528 1,230 Walla Walla  dk. brn. silt loam B3 32 38
Soil samples from Region R:

Rl 470446 1191953 1,060 Quincy brn. fn. sand C2 24 30
R2 470053 1194611 1,150 Quincy brn. fn. sand C2 24 32
R3 464554 1184944 1,000 Shano pl. brn. silt loam C1 24 30
R4 465250 1194216 1,110 Taunton pl. brn. silt loam B2 24 30
R6  (duplicate of sample R4)

R5 462524 1190452 900 Taunton pl. brn. silt loam B2 24 27
Soil samples from Region U:

Ul 473743 1171000 2,220 Marble dk. brn. loamy sand C1 22 28
U2 474313 1173053 1,710 Springdale It. brn. sand C3 24 30
U3 475037 1175147 1,430 Ewall pl. brn. sand C2 28 34
U6  (duplicate of sample U3)

U4 475002 1175805 1,300 Spens brn. loamy sand C2 25 31
U5 475232 1180911 1,480 Ewall pl. brn. sand C2 25 31

Reference soil samples:

RS1 mixture of soils collected within the Soos Creek Basin, Washington
RS2 (duplicate of sample RS1)

! Soil series names from Soil Conservation Service publications; note that names of soils in regions D and M
may change in the future because surveys for Whatcom and Kittitas Counties are being updated.

2 U.S. Department of Agriculture (1962) soil textural classes determined; samples were sieved in the field to
remove material larger than 19 millimeters; as a result, qualifiers for coarse gravel or cobble, which would otherwise
be included, may not be included in the soil description. Note that soils from the following series commonly contain
gravel or cobbles at the sampled horizon level: Everett, Spanaway, Lauren, Pouge, Springdale, and Spens.

3 Soil horizons determined in office using sample depth and physical soil characteristics. Horizons are relatively
parallel layers of soil that have distinct characteristics which represent departures from the parent material.
Typically the A horizon overlies the B horizon, together composing the solum. The C horizon overlies the parent
material and is beneath the solum. For additional information see U.S. Department of Agriculture (1962).



Table 2.--Reporting levels for metals in soils in Washington analyzed by different methods

[Values in parentheses are given in milligrams per liter of leachate; level of detection may exceed minimum reporting
level; --, lack of a reporting level indicates that analysis was not performed; ASTM, American Society for Testing and
Materials method D3987-85; EP-TOX, Extraction Procedure Toxicity Test, U.S. Environmental Protection Agency
method 1310; TCLP, Toxicity Characteristic Leaching Procedure, U.S. Environmental Protection Agency method 1311]

Minimum laboratory reporting levels, by analytical method,

Metal in milligrams per kilogram of dry soil
Total

Symbol Name Total recoverable ASTM, EP-TOX, and TCLP
Ag Silver 2 0.2 0.04 (0.002)
Al Aluminum 500 7.0 1.0 D
As Arsenic 10 5 .6 .03)
Au Gold 8 -- -- --
Ba Barium 1 -- 1 (o1
Be Beryllium 1 5 4 (.02)
Bi Bismuth 10 -- -- --
Ca Calcium 500 -- -- -
Cd Cadmium 2 2 .04 (.002)
Ce Cerium 4 -- - -
Co Cobalt 1 -- - -
Cr Chromium 1 1.5 1 (.01)
Cu Copper 1 1.0 4 (.02)
Eu Europium 2 - -- --
Fe Iron 500 2.0 4 (.02)
Ga Gallium 4 -- -- -
Ho Holmium 4 -- - --
Hg Mercury .02 .004 .0008 3.00004)
K Potassium 500 -- -- --
La Lanthanum 2 -- -- --
Li Lithium 2 -- -- --
Mg Magnesium 50 -- - --
Mn Manganese 4 1.0 4 (.02)
Mo Molybdenum 2 -- -- --
Na Sodium 50 - -- --
Nb Niobium 4 -- -- -
Nd Neodymium 4 -- -- --
Ni Nickel 2 7 4 (.02)
P Phosphorus 50 -- -- -
Pb Lead 4 10 4 (.02)



Table 2.--Reporting levels for metals in soils in Washington analyzed by different methods--Continued

Minimum laboratory reporting levels, by analytical method,

Metal in milligrams per kilogram of dry soil
Total

Symbol Name Total recoverable ASTM, EP-TOX, and TCLP
Sb Antimony 0.1 3.0 04 (0.02)
Sc Scandium 2 - - _
Se Selenium .1 .5 1.0 .1
Sn Tin 10 -- - -
Sr Strontium 2 - -- —
Ta Tantalum 40 - - -
Th Thorium 4 -- - -
Ti Titanium 50 1.5 - -
Tl Thallium - 50 4 5.02)
U Uranium 100 -- - -

Vanadium 2 - - -
Y Yttrium 2 - - -
Yb Ytterbium 1 -- - -
Zn Zinc 4 2.0 4 .02)

2 Minimum reporting level for TCLP mercury is 0.001 milligram per kilogram of dry soil or 0.0001 milligram per liter

of leachate.

® Minimum reporting level for TCLP thallium is 2.0 milligrams per kilogram of dry soil or 0.1 milligram per liter of

leachate.

Duplicates of samples AS, F2, L4, P3, R4, and U3
were obtained from sample splits. For quality assurance,
these duplicates were submitted to the laboratories without
the laboratories being informed that the samples were
duplicates (so-called blind samples). A reference sample
(RS1) constructed during the Soos Creek study from many
different sites (Prych and others, 1995) was also submitted
to the laboratories. A duplicate of RS1 was also submitted
to various laboratories blind with the other duplicates.

Description of Soils

The soils in the State of Washington are diverse.
They have developed over different lengths of time, in a
great variety of parent materials, upon diverse terrains,
with highly contrasting climates. In fact, they range from
highly developed soils formed in marine volcanoclastic
sediments to soils with little profile development formed
in recently deposited glacial sediments. Twelve of the 24
regions were chosen for this study (fig. 2).
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Region A

Soils in region A developed mainly in continental
and marine sedimentary beds deposited in southwestern
Washington (Pringle, 1986), and all soils sampled in this
region developed on upland marine sediments. Samples
were collected from the Willapa, Zenker, and Melbourne
series. Willapa soils developed on marine terraces that
were cut into marine sediments and bedrock following
changes in sea level (Pringle, 1986). Zenker soils formed
in material weathered from sandstones derived from a vol-
canic range to the east of the present Washington coast.
Melbourne soils formed in material weathered from
marine deposited siltstone, shale, and fine-grained
sandstone.

Region C

All soils in region C formed in beach sands located
along the southwestern Washington coast. Three of the
five samples were collected from "dune lands," which con-
sist of excessively drained ridges formed in fine beach



sand, and the other two were collected from the Netarts
and Yaquina series. Soils from the Netarts series formed
in upland areas, and soils from the Yaquina series formed
in basin-like areas between sand dunes (Pringle, 1986).

Region D

Soils in region D typically developed in older sedi-
mentary rocks on the northwestern side of the Cascade
Range (Poulson, 1953). Samples were collected from the
Cathcart, Heisler, and Schnorbrush series. Soils from the
Cathcart series formed in sandstones and shales developed
from glacially scoured consolidated sandstone. Soils from
the Heisler series commonly occur in high mountain val-
leys west of Mt, Baker and formed in glacial moraines
developed from argillite, schist, and shale, which appar-
ently accumulated from alpine and continental glaciations
(Poulson, 1953). Schnorbrush soils are confined to the
valley of the Nooksack River and were derived from arko-
sic sandstone and drift material that border the mountain
sides. Talus rubble from alpine glaciers may also have
contributed to the parent material.

Region F

Most soils in region F formed in glacial deposits in
the Puget Sound lowlands of western Washington (Zulauf,
1979). Samples were collected from both the Everett and
Spanaway soil series. Soils from the Everett series formed
on gravelly glacial outwash located on terraces and terrace
breaks. Spanaway soils, which also formed in glacial out-
wash, commonly contain volcanic ash in the upper solum
and are the "most extensive soil on the outwash plain of
the last continental, or Vashon, glaciation period"

(Ness, 1958, p. 54).

Region G

Soils in region G along the lower Columbia River
commonly are derived from alluvium deposited from
vastly different sources (McGee, 1972). Soils were col-
lected from the Lauren, Wind River, Sauvie, Dollar, and
Gee series. Lauren soils developed on Columbia River
terraces 50 to 300 feet above the present level of the river
in mixed alluvium that contains some volcanic ash. Wind
River soils also developed in Columbia River mixed-
alluvium deposits 150 to S00 feet above the present river
level. Soils of the Sauvie series formed in alluvial bottom
lands along the river. Soils from both the Dollar and Gee
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series formed in older Columbia River alluvium. Dollar
soils developed on low nearly level terraces, whereas Gee
soils are found in rolling hills on eroded terraces.

Region J

Soils in region J commonly developed in unconsoli-
dated deposits in the Okanogan River Valley located in
north-central Washington, and samples were collected
from the Colville, Pouge, and Cashmere series. Soils from
the Colville series formed in mixed alluvium derived from
acidic igneous rocks and volcanic ash. Pouge soils devel-
oped on terraces and terrace breaks and are underlain by
gravelly sandstones deposited as glacial outwash. Cash-
mere soils also formed in glacial outwash and more recent
alluvium (Lenfesty, 1980).

ReE'on L

Region L is located in the northeastern foothills of
the Cascade Range. Soils in this region developed prima-
rily on older sedimentary rocks in the Wenatchee River
Valley. All samples collected from this region were from
the Burch soil series. Burch soils specifically formed on
terraces composed of old alluvium derived from sandstone
(Beieler, 1972).

Region M

Soils in region M commonly formed in unconsoli-
dated loess and alluvium deposits in the Ellensburg Basin
located in central Washington. Samples were collected
from the soils of the Renslow, Selah, Naches, Reeser, and
Wenas series. Renslow and Selah soils formed in loess;
Selah soils may also contain a sub-layer of caliche and are
commonly underlain by gravelly old valley fill. Soils in
the Naches series also developed in old valley fill. Reeser
soils formed over cemented gravels, and soils from the
Wenas series developed in stream bottom material
composed chiefly of weathered basalt (Smith and others,
1945).

Region O

Region O is located immediately south of the
Ellensburg basin. The soils sampled in this region devel-
oped in fine-grained sediments deposited in the Yakima
River Valley. Soils were collected from the Shano,
Warden, and Weirman series. Shano soils formed in loess,



whereas Warden soils formed in a "thin mantle of loess"
underlain by glaciolacustrine sediments (commonly
referred to as Touchet beds) (Lenfesty and Reedy, 1985;
and Rasmussen, 1971). Weirman soils formed in mixed
alluvium located in flood plains or low terraces.

Region P

Region P extends throughout much of southeastern
‘Washington, and soils in this area formed in thick deposits
of loess (Harrison and others, 1964; Harrison and others,
1973; and Donaldson, 1980). Samples were collected
from both the Walla Walla and Athena series. Both the
Walla Walla and Athena soils formed in loess interstrati-
fied with volcanic ash (Donaldson, 1980), and at some
localized depressions, deposits of ash may be from 1 to
6 feet thick. Athena soils, however, are commonly located
in higher elevations, whereas Walla Walla soils are
commonly found at elevations below 2,000 feet.

Region R

Soil samples collected in this region commonly
formed in unconsolidated wind-blown and alluvial sedi-
ments in the central Columbia Basin located in southeast-
ern Washington. The Quincy, Shano, and Taunton series
were sampled. Quincy soils are located on terraces or
active sand dunes and were formed in eolian sands (Gen-
try, 1984; Lenfesty, 1967; and Van Duyne and others,
1917). Shano soils formed in thick deposits of loess inter-
stratified with volcanic ash. Taunton soils developed in
wind-worked alluvium and are commonly underlain by
lime- and silica-cemented hardpans at shallow depth
(Gentry, 1984).

Region U

All samples in this region were from soils that devel-
oped in unconsolidated deposits in the Spokane River
Valley located in northeastern Washington. Samples of
Marble, Springdale, Ewall, and Spens soils were collected.
Marble soils formed on terraces in wind-worked mixed
sandy outwash (Donaldson and others, 1982; and Donald-
son and Giese, 1968). Springdale soils developed in out-
wash mantled with volcanic ash and loess (Donaldson and
others, 1982; Donaldson and others, 1968; and Stockman,
1981). Ewall and Spens soils also formed in glacial out-
wash. Ewall soils typically are located on terraces,
whereas Spens soils are located on terrace breaks
(Stockman, 1981).

METHODS

This chapter presents the procedures used to collect
and process soil samples and the individual laboratory
methods used to determine metals concentrations and
other chemical and physical soil characteristics. The
analytical precision of laboratory determinations are pre-
sented, and the ranges of precision among the total, total-
recoverable, ASTM, EP-TOX, and TCLP methods are
discussed.

Sample Collection and Processing

Samples were collected during July, August, and
September of 1990. In the earlier Big Soos Creek pilot
study, samples collected closer to the surface displayed a
greater variability in metals concentrations than those
samples collected at greater depths (Prych and others,
1995). For the current study, soil samples were collected
from a depth of at least 20 inches below ground surface
and were located within either the B or C horizon to (1)
decrease variability and (2) minimize contamination from
possible surface pollutants. A shovel was used to dig a
hole from 12 to 24 inches in diameter by 24 inches deep at
the center and at each corner of a 1-acre plot. A stain-
less-steel soil auger was used to collect 1 to 2 liters of
material from approximately a 6-inch layer below the bot-
tom of the hole. The material from each hole was sieved
in the field through a 19.0 mm stainless-steel crimped
sieve and was placed in a 20-liter plastic bucket. The five
samples in the bucket were mixed thoroughly to form one
representative composite sample to reduce the effect of
areal variability. A subsample (approximately 3 to 4 liters
in volume) of the composite sample was placed in a 4-liter
plastic container for further sieving and sample splitting in
the laboratory. A second subsample, approximately
0.3 liter in volume, was sieved through a 2.0-mm stain-
less-steel crimped sieve in the field and was placed in a
cleaned glass jar and stored on ice for later analysis for
PCB's and TPH. After all the soil samples at a site had
been collected, all sampling and processing equipment
was washed with tap water and detergent (Alconox),
then rinsed sequentially with tap water, with a 60/40
acetone/hexane solution, and finally with deionized water.

The primary subsample was further divided into rep-
resentative sample splits at the USGS field services unit in
Tacoma, Wash. The sample splits were produced by flat-
tening, mixing, and quartering the soil as described by the
ASTM method D3987-85 (American Society for Testing
and Materials, 1985). The sample splits were used as
allotments for the various analyses and duplicates.



Sample splits for determining particle-size distribution and
soil-solution pH were analyzed without further treatment.
Splits that were to be analyzed by the total-recoverable,
ASTM, EP-TOX, and TCLP methods were dry sieved to
remove particles larger than 2.0 mm (millimeters). All
sample splits to be analyzed by the total method were
additionally wet sieved using a polypropylene sieve to
obtain only material less than 63 pm (micrometers) in size
for analyses, because trace metals tend to concentrate in
finer sized (silt- and clay-sized) particles (Kabata-Pendias
and Pendias, 1984).

Laboratory Methods

Five different laboratory methods were used to deter-
mine metal concentrations in the soil samples. Each
method produced a liquid extract that was analyzed either
by atomic-absorption or by inductively-coupled plasma
emission spectrometry. Differences among solvents and
extractive processes have the most significant effect on the
metal concentrations in the resulting liquid extracts; differ-
ences in the methods for determining metals concentra-
tions in the extracts are not expected to affect the results
greatly.

For all metals except mercury, the total method
determined total metal concentrations in the soil by nearly
complete digestion of the solid phase of soil samples. At
least 95 percent of the solid material was digested by
hydrochloric, nitric, hydrofluoric, and perchloric acids
(Fishman and Friedman, 1985; and Briggs, 1990). The
digested material was then analyzed by inductively-
coupled plasma emission spectrometry (ICPES). Samples
were also analyzed by hydride-generation atomic-absorp-
tion spectrometry (HGAAS) to determine total arsenic,
antimony, and selenium concentrations (Welsch and oth-
ers, 1990). Total mercury concentrations in the soil were
determined from a partial digestion of the solid phase.
Samples were digested with nitric acid and sodium dichro-
mate, and the mercury in solution was reduced and vapor-
ized and then analyzed by cold-vapor atomic-absorption
spectrometry (CVAAS) (O'Leary and others, 1990). These
analyses were performed by the Geologic Division
Laboratory of the USGS in Arvada, Colo.

The total-recoverable method used a digestion proce-
dure involving a mixture of nitric and hydrochloric acids
that removes most material bound by surficial coatings on
soil particles but removes less than 95 percent of the
metals from the mineral matrix (method 3050; U.S. Envi-
ronmental Protection Agency, 1986). This method is
commonly used by regulatory agencies to determine the
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amount of material that ultimately may be bioavailable.
Concentrations of arsenic in the extracts were determined
by graphite-furnace atomic-absorption spectrometry
(GFAAS), and concentrations of mercury were determined
by CVAAS. The remaining metals were determined by
ICPES. Determinations of total-recoverable selenium for
selected samples used HGAAS to obtain a lower reporting
limit (Randy Knox, Washington State Department of Ecol-
ogy, oral commun., 1993). Analysis by this method and
the leaching methods described in the following para-
graphs was performed by Ecology’s Manchester
Environmental Laboratory in Manchester, Wash.

Metal concentrations were also determined by three
different leaching methods. Each method was designed to
estimate the solubility and mobility of organic and inor-
ganic components in contaminated soils. The ASTM
method used was D3987-85 (American Society for Testing
and Materials, 1985), in which distilled water was mixed
with the soil (solution ratio: 70 grams of soil to 1.4 liters
of water) and shaken for approximately 18 hours, and then
the solution was extracted, filtered, preserved overnight
with nitric acid, and analyzed the next day. The EP-TOX
method (method 1310; U.S. Environmental Protection
Agency, 1986), which was also used, was the same as the
ASTM leaching procedure, except that it used a 0.5 nor-
mal acetic acid solution rather than distilled water as the
solvent and it maintained the pH of the solution at 5. The
TCLP method (method 1311; U.S. Environmental Protec-
tion Agency, 1990a, b) used in this study, like the EP-TOX
method, used an acetic acid solution rather than distilled
water and maintained the solution pH at 5. In addition, the
TCLP method involved a stronger acetic acid solution and
sodium hydroxide, which allowed for greater control of
the solution pH. As a result, the TCLP method achieved a
solution pH of 5 more consistently than in the EP-TOX
method. Concentrations of mercury in the leachate sample
were determined by CVAAS, and the remaining metals in
the leachate were determined by ICPES.

Particle-size distributions of the soils were deter-
mined for grains between 63 pm and 19 mm by the USGS
Cascades Volcano Observatory sediment laboratory in
Vancouver, Wash. Samples were dried and then sieved
through screens with mesh openings of 16, 8, 4,2, 1, 0.5,
0.25, 0.125, and 0.063 mm (described by Guy, 1977).

Total carbon concentrations were determined by
measuring the amount of material volatilized from a com-
plete combustion of a sample split. Concentrations of
inorganic carbon were determined by measuring the
amount of material dissolved from applications of hydro-
chloric acid to a sample, and organic carbon was



calculated as the difference between total and inorganic
carbon (Wershaw and others, 1987). The determinations
were performed by the USGS National Water Quality
Laboratory in Arvada, Colo.

Soil-solution pH was determined by project person-
nel using two different methods. A 1:1 solution by weight
of soil to deionized water (10 grams soil, 10 mL, millili-
ters, of water) was made from a sample split and was
allowed to equilibrate for 30 minutes, after which the solu-
tion was mixed and the pH measured. The second method
used the same solution. After the first pH measurement,

1 mL of 1 molar calcium chloride was added to the solu-
tion. The sample was then mixed and allowed to equili-
brate for an additional 30 minutes, after which the solution
was mixed again and the second pH measurement was
made.

Analytical Precision

The analytical precision of laboratory determinations
was calculated from differences between laboratory results
for duplicate samples (table 3). The percent difference
between a sample value and its duplicate was calculated
by dividing the absolute difference between the sample
and duplicate by the mean value for the duplicate pair and
multiplying by 100. An average difference for a metal
was not calculated if the concentration in one or more
duplicates was less than the laboratory minimum reporting
level.

The ranges of precision for the total and total-
recoverable methods were similar, about 0 to 20 percent;
however, the precision of the total method was typically
about twice as good as of the total-recoverable method.
The precision for the ASTM, EP-TOX, and TCLP meth-
ods was typically much less than for either the total or
total-recoverable methods and ranged from O to 179 per-
cent from metal to metal. The large variance observed in
analytical precision for the three leaching methods could,
in part, be due to the fact that only one duplicate pair was
used to test precision for these methods. Regardless, for
this study, determinations of background concentrations of
metals in soils based on leaching procedures have a much
larger uncertainty than background concentrations of met-
als determined by the total and total-recoverable methods.
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DETERMINATION OF BACKGROUND
METALS CONCENTRATIONS

All data from this study are presented in tables Al to
A4 at the end of this report. Summary statistics of the data
are presented to illustrate the magnitude and variability of
the concentrations of specific metals on a statewide basis

" as determined by the five laboratory methods. The data

for each metal were tested to determine if they are
normally or log-normally distributed, and other statistical
methods were used to demonstrate differences in the con-
centrations of metals within or among regions. Relations
between the concentrations of metals determined by the
total and total-recoverable methods are also presented, and
relations between metals and other soil characteristics are
discussed. Finally, the results from the leaching proce-
dures are compared and the analytical precision of the
various methods are discussed.

Differences among the population means of metals
concentrations among the 12 regions suggest that sample
variance may be minimized by dividing the State into
various regions or groups of regions. Minimizing sample
variance would in turn minimize the number of samples
required to determine accurate baseline metals concentra-
tions. Although concentrations of some metals may differ
significantly among regions, summary statistics for indi-
vidual or groups of regions were not given in this report
because of the small number of samples and because these
regions may be the focus of future investigations. The
data in table A2 are given in a format so that summary sta-
tistics of metals concentrations for individual or groups of
regions may be calculated if needed. For the purpose of
this report, summary statistics that include all data were
calculated to provide an initial assessment of the magni-
tude and variability of metals concentrations for the entire
State.

Strong associations between or among individual
regions may provide useful information. If sample vari-
ance remains relatively low and sampling size increases,
the accuracy of the estimated baseline metals concentra-
tions will increase. Therefore grouping data, for example
from regions A and F, that demonstrate a strong associa-
tion may provide more accurate information than data
generated for an individual region. However, other
considerations, such as location, soils, parent material, and
climate, should also be made when data from different
groups are combined.



Table 3.--Average differences between metals concentrations determined in duplicate soil samples

["a" denotes that concentrations in one or more duplicates are less than laboratory minimum reporting level and
differences were not computed; -- indicates no data; statistics for the total, total-recoverable, ASTM (American
Society for Testing and Materials), EP-TOX (Extraction Procedure Toxicity Test), and TCLP (Toxicity Character-
istic Leaching Procedure) methods were determined using 4, 7, 1, 1, and 1 pairs of duplicates, respectively]

Average difference, in percent!, for indicated method of analysis

Total
Metal Total recoverable ASTM EP-TOX TCLP

Silver
Aluminum
Arsenic
Gold
Barium
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ik
w
»
»
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Beryllium
Bismuth
Calcium
Cadmium
Cerium

v b O
]
1
]
1
1
[}
1
]

Cobalt
Chromium
Copper
Europium
Iron

N OO0 O\ =
~
o
o
&0

Gallium 3 -- -- -- --
Holmium a - -- - -
Mercury 20 a 120 a a
Potassium 4 -- - -- --
Lanthanum 3 - - -- --

Lithium 4
Magnesium 2
Manganese 2 8 a a 0
Molybdenum a
Sodium 8

Niobium 17
Neodymium 6
Nickel 7 15 a a a
Phosphorus 2
Lead 8

Antimony 12 a a a a
Scandium 4 - -- - -
Selenium 12 a a a a
Tin a - - — -
Strontium 3 - -- - -
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Table 3.--Average differences between metals concentrations determined in duplicate soil samples--Continued

Average difference, in percent!, for indicated method of analysis

Total

Metal Total recoverable ASTM EP-TOX TCLP
Tantalum a -- -- - -
Thorium 0 -- -- - -
Titanium 3 - -- - -
Thallium -- a a a a
Uranium a - -- - -
Vanadium 5 - - - -
Yttrium 1 -- - - --
Ytterbium 0 - - - -
Zinc 2 7 a a 18

! Average of absolute values of differences, in percent, between concentrations in duplicate samples.

Regions A and F are located adjacent to each other
and lie primarily within or adjacent to the Puget Sound
Lowland (fig. 2). Soils in region A formed primarily in
marine sediments, which were derived from a volcanic
range to the east of the present Washington coast (Pringle,
1986). Similar marine sediments are also exposed in the
northern part of the Cascade Range of Washington and
British Columbia and on Vancouver Island (Wolfe and
McKee, 1972). During the Vashon stage of the upper
Pleistocene Fraser Glaciation, a lobe of the Cordilleran ice
sheet extended into the Puget Lowland, which resulted in
deposits of till and various outwash sediments that are
found in region F today. The glacial sediments were
derived from material originally located in the northern
part of the Cascade Range and Western British Columbia,
which indicates that the soils in regions A and F developed
in parent material derived from similar sources.

Based on this information and the results of the
Fisher’s Least Significant Difference test and the Cluster
analyses, further investigation could provide more defini-
tive relations between regions such as A and F and among
O, P, and R, which were shown to be associated and simi-
larly could test whether regions that were not associated
with other regions can be characterized individually.
These investigations could continue to include determina-
tions of other soil characteristics (for example, particle
size, organic carbon) as well as additional analyses, such
as cation-exchange capacity so that mechanisms control-
ling the chemistry and the associated distribution of metals
in the soil may be better understood.
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Summary Statistics

Summary statistics of metals concentrations in soils
measured in this study are listed in tables 4 through 8.
Each table gives the summary statistics of unadjusted and
log-transformed values of the data for all metals deter-
mined by one of the laboratory methods. When the con-
centration of a metal in a sample was smaller than the
laboratory’s minimum reporting level, the minimum
reporting level was used for calculating statistics, and the
statistics were qualified as less than or greater than the
value given.

The concentrations of metals in uncontaminated soils
in Washington State varied by as much as 62-fold. How-
ever, concentrations of metals determined by the total
method were consistently greater and varied less than
values for metals determined by the total-recoverable,
ASTM, EP-TOX, or TCLP methods (see fig. 3). Mean
concentrations of individual metals determined by the
total-recoverable method ranged from 7 to 56 percent of
mean concentrations determined by the total method, and
detectable concentrations of metals determined by the
ASTM or TCLP methods were typically less than 1 per-
cent of the concentrations determined by the total method.
Total concentrations of mercury and nickel and total-
recoverable concentrations of nickel, chromium, and
copper displayed the greatest variability, and all have
arithmetic standard deviations greater than two-thirds of
their respective arithmetic means (tables 4 and 5). Con-
centrations of other metals, such as aluminum and barium



determined by the total method, varied less; both have
arithmetic standard deviations less than one-third of their
respective means (table 4). The box plots of figure 3 dem-
onstrate the variability for the entire data set but do not
illustrate how the concentrations of metals differ among
regions and how values for a specific region may influence
the variability observed for all the data. Figures 4 to 20
show variations of concentration within and among
regions. For example, concentrations of mercury, chro-
mium, copper, and iron vary greatly among regions,
whereas concentrations of other metals, such as zinc, lead,
or arsenic, vary less, although arsenic concentrations
within a given region may be fairly variable. Other met-
als, such as aluminum, exhibit consistent concentrations
when analyzed by the total method but greater variability
when analyzed by the other four methods. Particle size,
carbon content, and soil-solution pH are also highly vari-
able throughout the State. For example, region C is com-
posed almost entirely of sand, whereas regions O and P
contain greater amounts of silt and clay than other regions
(see fig. 21). Carbon concentrations generally are greater
in samples collected in the regions west of the Cascade
Range than those collected in the east, and the soil-
solution pH is also more acidic west of the Cascade Range
and more alkaline east of the Cascade Range (see figs. 22
and 23). The variability of TPH and PCB’s in soils could
not be determined because the concentrations of each were
always less than the laboratory’s minimum reporting level.

Frequency Distributions of Metals
Concentrations

Understanding the nature of the data and applying
the proper statistical analyses requires knowing whether
the sampled data came from a population that follows a
normal distribution. The probability plot correlation coef-
ficient test (Looney and Gulledge, 1985a, b) was used to
test whether the metals concentrations determined by the
total and total-recoverable methods are from populations
that are normally or log-normally distributed. The proba-
bility plot correlation coefficient test was used to test two
null hypotheses: (1) that the data were sampled from pop-
ulations that are normally distributed and (2) that the data
were sampled from populations that are log-normally dis-
tributed. Correlation coefficients between the data and
their respective normal quantiles (the x axis on a probabil-
ity plot) were determined and compared to that of a normal
distribution, in which the coefficient would be 1.0 (Looney
and Gulledge, 1985a, b). A null hypothesis was rejected
when the correlation coefficient was sufficiently small
such that there was less than a S-percent chance of reject-
ing the null hypothesis when it should not be rejected.
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When one or more concentrations were below the
laboratory minimum reporting level, normal quantiles
were computed using all the data; however, data for sam-
ples with concentrations less than the minimum reporting
level were not included in computations of the correlation
coefficients.

Concentrations of 13 metals determined by the total
method and of 5 metals determined by the total-recover-
able method in this study were determined to have been
sampled from populations that were distributed log-nor-
mally (at a 95 percent confidence level) (table 9). Con-
centrations of four metals determined by the total method
and three total-recoverable metals were found to have
been sampled from populations that were distributed nor-
mally. The concentrations of three metals determined by
the total method were determined to have been sampled
from populations that were neither normally nor log-
normally distributed, and the population distributions for
concentrations of three other metals could not be deter-
mined because all values were less than laboratory report-
ing limits. Concentrations of 12 metals determined by the
total method and of 3 metals determined by the total-
recoverable method were apparently more nearly
log-normally than normally distributed.

Metals concentrations in various igneous rocks, sam-
pled from different locations, have been shown to be sam-
pled from populations that are not normally distributed
(Ahrens, 1954). Furthermore, Ahrens (1954) found that
the sample distributions became normal (or nearly normal)
when the data were log-transformed (that is, log-normally
distributed). Kulp and others (1952) and David (1977)
observed similar sample frequency distributions for metals
concentrations in marine and other sediments as well as
various igneous rocks. Therefore, it is not surprising that
concentrations of various metals in soils are likewise log-
normally distributed, as observed in this study. This distri-
bution would especially be true for those metals, specifi-
cally transition metals, that are primarily contained within
the mineral matrices. In this study, all transition metals,
with the exceptions of gallium determined by the total
method and lead and manganese determined by the total-
recoverable method, are more nearly log-normally than
normally distributed. The same is true for most alkali and
alkali earths, with the exceptions of barium, potassium,
and strontium determined by the total method and of
beryllium determined by the total-recoverable method.
The statistical tests presented in the following sections are
non-parametric because the majority of metals concentra-
tions were either sampled from populations that are decid-
edly log-normally distributed or more nearly log-normally
than normally distributed.



Table 4.--Summary statistics for concentrations of metals in soils in Washington as determined by the total method

[Concentrations are in milligrams per kilogram of dry soil (except values for Al, Ca, Fe, K, Mg, Na, P, and Ti,
which are given in percent); -- indicates statistic not computed because concentrations in all samples were less than
laboratory's minimum reporting value; <, less than]

Total

number of  Arith- Geo- Arithmetic  Geometric 90th

samples/ metic metric standard deviation Mini- Maxi-  percen-
Metal detects! mean mean  Median  deviation  factor? mum  mum tile
Silver 37/0 <2.0 <2.0 <2.0 - -- <2.0 <2.0 <2.0
Aluminum  37/37 8.1 8.0 7.9 1.1 1.1 6.7 11.0 10.0
Arsenic 37/37 6.6 53 55 42 2.0 8 20.0 13.0
Gold 37/0 <8 <8 <8 - - <8 <20 <8
Barium 37/37 600 580 650 140 1.3 300 920 760
Beryllium 37/34 <15 <1.5 2.0 >.5 >1.4 <1.0 2.0 2.0
Bismuth 37/0 <10 <10 <10 -- -- <10 <20 <10
Calcium 37/37 2.0 1.8 1.8 1.0 1.7 4 55 3.7
Cadmium 37/4 <2.2 <22 <2.0 >.9 >1.3 <2.0 6.0 <23
Cerium 37/37 64 61 64 17 1.3 26 110 86
Cobalt 37/37 20 18 17 10 1.6 8 48 36
Chromium  37/37 100 82 69 97 1.9 28 540 190
Copper 37/37 36 32 29 20 1.5 13 120 56
Europium 37/3 <2 <2 <2 >.3 >1.1 <2 <4 <2
Iron 37/37 5.0 47 4.6 1.8 14 2.5 9.3 79
Gallium 37/37 20 19 20 4 1.2 10 28 24
Mercury 37/37 4 .09 .06 1.3 3.4 .04 6.0 4
Holmium 37/0 <4 <4 <4 -- - <4 <4 <4
Potassium  37/37 1.5 1.4 1.6 5 1.5 5 2.3 2.2
Lanthanum 37/37 35 33 33 10 1.3 15 61 48
Lithium 37/37 34 32 29 13 14 20 89 50
Magnesium  37/37 1.3 1.1 1.1 .6 1.5 .6 35 20
Manganese 37/37 790 750 690 280 14 410 1,600 1,320
Molybdinum 37/7 <2 <2 <2 >4 >1.1 <2 <4 <2
Sodium 37/37 1.8 1.7 1.7 9 14 9 6.2 2.3
Niobium 37/36 <9 <9 9 >3 >14 <4 14 13



Table 4.--Summary statistics for concentrations of metals in soils in Washington as determined by the total
method--Continued

Total

number of Arith-  Geo- Arithmetic  Geometric 90th

samples/  metic metric standard deviation Mini- Maxi-  percen-
Metal detects! mean mean Median  deviation factor? mum mum tile
Neodymium 37/37 32 32 33 8 1.3 16 55 43
Nickel 37/37 46 31 27 75 2.1 11 470 74
Phosphorus  37/37 A1 N 1 1 1.7 .02 5 2
Lead 37/37 13 12 12 5 1.5 4 36 18
Antimony  37/36 <14 <1.3 1.3 >.7 >1.5 <.6 3.8 3.8
Selenium 37/29 <3 <2 1 >3 >2.3 <1 1.2 1.0
Scandinum  37/37 19 17 16 8 1.5 9 38 34
Tin 37/0 <5 <5 <5 -- - <5 <10 <5
Strontium  37/37 290 260 290 86 14 92 460 370
Tantalum 37/0 <41 <41 <40 -- -- <40 <80 <40
Thorium 37/36 <9 <9 9 <3 >1.4 <5 17 14
Titanium 37137 7 .6 .6 3 14 3 1.3 1.2
Uranium 37/0 <100 <100 <100 - - <100 <200 <100
Vanadium  37/37 140 130 130 69 1.6 57 370 254
Yttrium 37/37 23 22 23 7 1.4 10 44 36
Ytterbium  37/37 2 2 2 1 1.5 1 4 4
Zinc 37/37 100 95 89 41 14 61 280 140

! Detects are the number of samples with concentrations greater than the laboratory reporting limit.

2 To obtain concentration at n geometric deviations above and below the geometric mean, multiply and divide the
geometric mean by the geometric deviation factor to the n power. For example, barium concentrations at two
geometric deviations above and below the geometric mean are

580 X (1.3)* = 980 mg/kg, and 580/(1.3)? = 340 mg/kg, respectively.
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Table 5.--Summary statistics for concentrations of metals in soils in Washington as determined by the total-recoverable

method

[Concentrations are in milligrams per kilogram of dry soil (except Al and Fe, which are in percent); -- indicates statistic not

computed because concentrations in most samples were less than laboratory's minimum reporting value]

Total

number of  Arith- Geo- Arithmetic Geometric 90th

samples/  metic metric standard  deviation Mini- Maxi- percen-
Metal detects! mean mean Median  deviation factor? mum mum tile
Silver 60/12 <0.2 <0.2 <0.2 >0.1 >1.3 <0.2 0.6 0.3
Aluminum  60/60 2.1 1.8 1.7 1.2 1.8 .6 54 4.0
Arsenic 60/59 <34 <2.8 28 >2.2 >2.0 <5 9.4 6.8
Beryllium 60/60 .6 5 5 3 1.9 <.1 1.4 9
Cadmium 60/0 <2 <2 <2 -- -- <2 <2 <2
Chromium  60/60 30 21 18 44 2.1 5 310 51
Copper 60/60 20 17 19 14 1.8 4 99 31
Fron 60/60 2.5 23 23 1.1 1.5 9 6.3 4.2
Mercury 60/52 <.027 <.016 013 <032 >27 <.004 .19 .06
Manganese  60/60 420 370 380 190 1.7 78 930 680
Nickel 60/60 25 17 16 46 2.0 6 360 34
Lead 60/60 7 7 7 3 1.6 2 14 12
Antimony 60/0 <3.0 <3.0 <3.0 -- -- <3.0 <3.0 <3.0
Selenium 60/0 <.6 <.6 <5 - -- <5 <5.4 <5.0
Thallium® 60721 - - <5.0 - = <50  >14.0 >9.0
Zinc 60/60 50 47 45 19 14 21 116 80

! Detects are the number of samples with concentrations greater than the laboratory reporting limit.

2 To obtain concentrations at n geometric deviations above and below the geometric mean, multiply and divide the
geometric mean by the geometric deviation factor to the n power. For example, nickel concentrations at two geometric
deviations above and below the geometric mean are

17 X (2.0)* = 68 mg/kg, and 17/(2.0)> = 4.3 mg/kg, respectively.

3 All detected thallium values were estimated to be greater than those values given.

20



Table 6.--Summary statistics for concentrations of metals in soils in Washington as determined by the American Society
for Testing and Materials method D3987-85

[Concentrations are in milligrams per kilogram of dry soil; to convert to values in milligrams per liter of leachate, divide
values given by 20; -- indicates statistic not computed because concentrations in most samples were less than laboratory's

minimum reporting value]

Total

number of  Arith- Geo- Arithmetic  Geometric 90th

samples/ metic metric standard deviation Mini- Maxi-  percen-
Metal detects! mean mean Median  deviation factor? mum mum tile
Silver 12/0 <0.04 <0.04 <0.04 -- -- <0.04 <0.04 <0.04
Aluminum  12/9 <2.0 <1.8 1.8 >0.9 >1.6 <1 3.6 35
Arsenic 1211 <7 <7 <6 >3 >1.3 <6 1.6 <1.2
Barium 12/12 7 5 4 .6 22 A 24 2.0
Beryllium  12/0 <4 <4 <4 -- -- <4 <4 <.4
Cadmium 12/3 <.04 <.04 <.04 >.003 >1.1 <.04 <.05 05
Chromium  12/0 <1 <1 <1 -- -- <1 <1 <1
Copper 1271 <4 <4 <4 >.1 >1.2 <4 v <.6
Iron 12/10 <1.8 <1.1 9 >2.0 >2.6 <4 6.3 6.0
Mercury 12/12 .003 .003 .003 .001 1.3 .002 .004 .004
Manganese 12/1 <4 <4 <4 >.1 >1.2 <4 i <.6
Nickel 12/0 <4 <4 <4 -- -- <4 <4 <4
Lead 12/0 <4 <4 <4 - -- <4 <4 <4
Antimony  12/0 <4 <4 <4 -- -- <4 <4 <4
Selenium 12/0 <1 <1 <1 -- - <1 <1 <1
Thallium 12/0 <4 <4 <4 -- -- <4 <.4 <4
Zinc 12/4 <5 <5 <4 >4 >1.3 <.4 .8 7

! Detects are the number of samples with concentrations greater than the laboratory reporting limit.

2 To obtain concentrations at n geometric deviations above and below the geometric mean, multiply and divide the

eometric mean by the geometric deviation factor to the n power. For example, barium concentrations at two geometric
g y the g p p 24
deviations above and below the geometric mean are

0.5 X (2.2)* = 2 mg/kg, and 0.5/(2.2)? = 0.1 mg/kg, respectively.
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Table 7.--Summary statistics for concentrations of metals in soils in Washington as determined by the Extraction
Procedure Toxicity method

[Concentrations are in milligrams per kilogram of dry soil; to convert to values in milligrams per liter of leachate, divide
values given by 20; -- indicates statistic not computed because concentrations in most samples were less than laboratory's
minimum reporting value]

Total

number of  Arith- Geo- Arithmetic  Geometric 90th

samples/  metic metric standard deviation  Mini- Maxi-  percen-
Metal detects! mean mean Median  deviation factor? mum mum tile
Silver 12/0 <0.04 <0.04 <0.04 - -- <0.04 <0.04 <0.04
Aluminum 1272 <29 <13 <1 >6.6 >2.5 <1 24 104
Arsenic 12/1 <7 <.7 <6 >3 >1.3 <.6 1.6 <1.2
Barium 12/12 29 1.7 1.5 4.8 2.4 .8 18 10.5
Beryllium 12/0 <4 <4 <4 -- -- <.4 <4 <4
Cadmium 12/0 <.04 <.04 <.04 -- -- <.04 <.04 <.04
Chromium  12/0 <.1 <.1 <1 -- - <.1 <.1 <.1
Copper 12/0 <4 <4 <4 - - <4 <4 <4
Iron 12/10 <.8 <.7 i >.5 >1.6 <4 19 1.8
Mercury 12/0 <0008 <.0008 <.0008 -- -- <.0008 <.0008 <.0008
Manganese 12/3 <.8 <5 <4 >1.1 >2.0 <4 44 2.7
Nickel 12/0 <4 <4 <4 -- -- <4 <4 <4
Lead 12/0 <4 <4 <4 -- -- <4 <4 <4
Antimony  12/0 <4 <4 <4 -- -- <4 <4 <4
Selenium 12/0 <1 <1 <1 -- - <1 <1 <1
Thallium 12/0 <4 <4 <4 -- -- <4 <4 <4
Zinc 12/11 <.6 <.6 .6 >2 >1.4 <4 1.1 1.1

1 Detects are the number of samples with concentrations greater than the laboratory reporting limit.
2 To obtain concentrations at n geometric deviations above and below the geometric mean, multiply and divide
the geometric mean by the geometric deviation factor to the n'? power. For example, barium concentrations at two

geometric deviations above and below the geometric mean are

1.7 X (2.4)? = 9.8 mg/kg, and 1.7/(2.4)* = 0.3 mg/kg, respectively.
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Table 8.--Summary statistics for concentrations of metals in soils in Washington as determined by the Toxicity

Characteristic Leaching Procedure

[Concentrations are in milligrams per kilogram of dry soil; to convert to values in milligrams per liter of leachate, divide
values given by 20; -- indicates statistic not computed because concentrations in most samples were less than laboratory's
minimum reporting value]

Total

number of  Arith- Geo- Arithmetic  Geometric 90th

samples/  metic metric standard deviation Mini- Maxi-  percen-
Metal detects! mean mean Median  deviation factor? mum mum tile
Silver 12/0 <0.04 <0.04 <0.04 -- - <0.04 <0.04 <0.04
Aluminum  12/11 <12.7 <7.1 8.6 >13.2 >34 <1 47 377
Arsenic 12/1 <.7 <7 <.6 >.5 >1.5 <.6 23 <1.6
Barium 12/12 11.1 9.9 11.1 5.0 1.7 3 19.1 18.9
Beryllium  12/0 <4 <4 <4 -- -- <4 <4 <4
Cadmium 12/0 <.04 <.04 <.04 -- -- <.04 <.04 <.04
Chromium 12/0 <1 <.1 <1 - -- <1 <1 <1
Copper 12/0 <4 <4 <4 -- -- <4 <4 <4
Iron 12/11 <2.8 <1.4 1.2 >4.8 >2.8 <4 17.5 12.1
Mercury 12/0 <.001 <.001 <.001 -- -- <.001 <.001 <.001
Manganese 12/10 <2.0 <13 1.3 >1.8 >2.5 <4 6.5 55
Nickel 12/0 <4 <4 <4 -- -- <4 <4 <4
Lead 12/0 <4 <4 <4 -- -- <4 <4 <4
Antimony  12/3 <4 <4 <4 >.02 >1.1 <4 5 5
Selenium 12/0 <1 <1 <1 -- -- <1 <1 <1
Thallium 12/0 <.5 <5 <4 - -- <.4 <2.0 <1.2
Zinc 12/12 1.6 1.5 1.7 4 1.4 i 2.1 2.1

! Detects are the number of samples with concentrations greater than the laboratory reporting limit.

2 To obtain concentrations at n geometric deviations above and below the geometric mean, multiply and divide the
geometric mean by the geometric deviation factor to the n® power. For example, barium concentrations at two geometric
deviations above and below the geometric mean are

9.9 X (1.7)? = 29 mg/kg, and 9.9/(1.7)? = 3.4 mg/kg, respectively.
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ANALYTICAL METHOD

1 Total method: 37 samples, all units in milli-
grams per kilogram (mg/kg): except Aluminum
and Iron, which are in percent

2 Total recoverable method: 60 samples, all units
in milligrams per kilogram (mg/kg): except
Aluminum and Iron, which are in percent

3 ASTM (American Society for Testing Materials,
leaching test): 12 samples, all units in
milligrams per kilogram (mg/kg)

4 EP-TOX (Extraction Procedure Toxicity Test):
12 samples, all units in milligrams per kilogram
(mg/kg)

5 TCLP (Toxicity Characteristic Leaching
Procedure): 12 samples, units in milligrams
per kilogram (mg/kg

Figure 3.-~-Concentrations of metals in soils of Washington State, determined by five

laboratory methods.

24



CONCENTRATION

100

10

0.1
10

0.1

0.01

1,000

100

10

0.1

0.01

F T T ] T T 1,000 F I ' ¥ T
s ARSENIC ] i EIJ BARIUM ]
[ ° 100 | 3
] ! ] 5
[ ] 10 ¢ E
° 1 : ]
- o ]
° ° ° J 5
5 2 l11 -|-11 11 ot .
L 3 3
1 1 1 1 i 0.1 1 1 t 1 1
F T T 1 T 1 4 10 k T T I T 1 B
F BERYLLIUM i ° CADMIUM ]
I [ -1
r D 1 — 32 1
o
- 2 3 1 ' 3
: -2 —12 —1 :
- - — 60
o
3 ° ERLAN: ]
: : Lo —12 —12 ]
L 1 1 A 1 0'01 1 1 1 1 1
E T T T T T 3 1,000 E T T T T T
F : . CHROMIUM ] . COPPER
° 3
E Q ] 100 F . o 3
I H E % . 3
C 10F 3
. ] - g ]
1F 3
3 -12 —12 —12 F ° ]
] r -1 —12 —12
i | [} | 1 3 i 1 [} L
1 2 3 4 5 0.1 1 2 3 4 5

ANALYTICAL METHOD

Figure 3.--Continued

ANALYTICAL METHOD

25



CONCENTRATION

100

10

0.1
10,000

1,000

100

10

0.1

100

10

0.1

F T T T T T 10E T T T T T
- IRON F MERCURY
L 1E ° 3
° 3
3 8 E i
- E; 3 01f
0.01F 3
3 ° 3 - 8
: : -
i 2 2 1 0.001f — 12 —12 4
1 1 L 1 1 0.0001 1 1 1 ] 1
E T T T T T 1,000 T T T T T
E MANGANESE C ° NICKEL
g é é 1 100f . 3
i 3 8
[] M °
= . E ’:
; 10F 8 é 3
- E ]
A i
- 1
= k. 1 é- E
iy 9 5 ] - —12 —12 —12
i 1 1 1 1 01 1 1 ] 1 ]
E T T T T T 3 10 T T T T T ]
i LEAD ] ; ANTIMONY |
: o h L
- s (-]
$ 3 ~ 60
L . ]
- . . 1t 1
L 8 ] r g
L - 1
3 E ~12 —1p Lo
: —12 —12 —12
1 1 1 1 1 0-1 1 1 I 1 1
1 2 3 4 5 1 2 3 4 5

ANALYTICAL METHOD

Figure 3.-Continued

26

ANALYTICAL METHOD



CONCENTRATION

10

0.1

0.01
1,000

100

0.1

10 ¢

E T T T T T 7 100 1 T T T T 3
s 1 SELENIUM . THALLIUM ]
L 3 - 1
L ! ]
; 1 —12 —12 —12 { 10f ,-L .
: — 56 f 39 :
L - J— 1 4
E E 1 ]
[ ~ —12 —12 — 11
o - 1

1 1 1 ] 1 01 1 | I} ]

2 3 4 5

' ' ' ' ' 3 ANALYTICAL METHOD
g ZINC ]
I é ]
g i
i 0 ]
E .le 8 é 1 )

| i 1 1 S|

1 2 3 4 5

ANALYTICAL METHOD

Figure 3.--Continued

27



‘suoibai jl0s

2l 10} spoyjaw [eanhjeue g AQ pauluualap JaA|IS JO SUONBIIUSOUOD pue ‘sauepunoq Aunod ‘uolbulysepn jo ajeis--p a2nbiy

T 1 I [
(poylew ajqeyoes; 4104) LLEL poyiew 1ens} Bujpodai Je sishjeue jo sJequnN €,
Aouaby UONOB8J0Id [BIUSWILUCIALT ‘'S'N
eas} Buluodes mojag sisAjeue Jo JaquinN [
Goc»w%owqu:oww_ xoﬁn_mv OLEL uo&wx 6
U01}08}01d [BjusWwUuCIAug *S” uolbes ji0
wos d SH3LIWOTIM 08 ov 0
) (poylaw 8jqeyoes; _ : : *_ __ Ly 1 et __
WLSY) S8-/86€0 Poyiew sjeusiep WVYHODOTIN H3d SNVHOITHN NI
pue Bupss) 0j Aiejo0g uedUSWY ‘NOLLVHINIONOD STNAN 08 ov 0
Poylew 8|qeien0del-{ejo|
poyjaw [ejo}
QOHLIN WOLAT . -7
GOHLIN TVOLLATVNY \ s v ez arm~" QOHLIW TWOUATYNY
NOILVNY1dX3 z\\.\\ T 100 ! SV EeE2Ll 0o
o o o L~ [CHC :.om 1 i ,/ e m
—_— ¥ AOHLIN TNV E vo & — .9
S ¥ €2 a0 §-
' - €- ~

. b= b= -

GOHLIN VOLLATVNY _|._ \\/, ' ) 2. ] m 3
svezl oy eﬂ_l. =
- 1= 8 ﬁ

3 ivo m\ N ’ N ' !

e .
3 N m A—- - e - coHuI 4.mo_5<z< —
a ri 3 -._ s veel o0
. N P . b= b= - Q
_ . . 1 108
QOHLIW TYOUATYNY ﬂ . m
' srez) s.ow ] L W
b—e = 0
S . €- 3 X
. W
[ vy _om QOHLIW TVOLATVRY ) ™ ~ ol 2 mf
: m pawdhibely QOHLIN TYOLLAVNY o
! L3 —r S.oo\ S¥Y el 40 A,
! L] & . Q C Q -
l ~ e g 2 iro m, e g v E
_ . ¥- o E 10 _ﬂl ) L z ,,
/\/\!\;J i ° M ¢ G- M P oL 5,
N E i \.
’ /\%J\ 1 & ] [ e- |0 3
- —_ - 4 4 Q.
QOHL3IW TYOUATVNY o - z
! S v ezl J - : o
————— 100 i .
Q QOHLIW TYOLAVNY - QOHLIN TOLATVNY
- 1- k- e S vezl 13 syYeclt g0—-
10 5 — 100 o
5- o m [ENCHE Q
) 3 ! [ o Z ot 10 O
| il M _.. F ’ Lo Q p- M
€- < °
n g m ] 1 m
- ol , 2 L a €~ El
T ) f [ s 0 2
- A R ,
. ...._ - - - - _ - - - - _lllnllcll... _ —.6%
8L .0¢clt .ccl bel

28



‘suoibai j10s g}
10} spoylaw [eohAjeur G Ag pauiuLB}ap WNUIWNE JO SUOIRIJUSOUOD PuUe ‘sauepunog AJunoo ‘uoibuiysep jo aiels--"G aunbi4

(poyjew ejgeyoes| 41OL) L LEL Poyew
Aoueby uoloslold [BlUBWUAIANUT 'S' N

{poyjew ejgeyoes| XOL1-d3) OLEL POYlew
Aoueby uonoeloid fejustiuainug 's'n

(poyiew sigeyoes)
WLSV) §8-286€Q Poyiew s|euejeiy
pue Buisey Joj A1e1o0S uedueWwY

|eas} Buipodas je

sisAjeue Jo JOQWINN €

|eae| Buluodas mojeq sisAjeue Jo JoquNN b=

uolBes jl08 d

(S pue ‘¢ ‘¢ spoyiew)
WYHDOUIM H3d SWYHOITIIN NI
(2 pue | spoyiew) INIOH3d NI

SHALINWOTIM a_vw oY

|
S3TUN 08 oy

.6V

Poyiew 8jgqeisAcdeu-jejol ‘NOLLVHLNIONOD
poylew |ejo) - -\ - S~
\\oo:hm“‘ ._N\o=>4<z< —— GOMLIW VOLATYNY
GOHLIN VOLATVNY - $r ez} ovo of i svezi o
NOLLYNVdX3 - 8 | R g
- - -- T L i & R £ 2
v —_—- LI L QOHLIW WOILA - Y 8 —
.._ ’ _ o OLIATVNY . 8
S vezl
) O P m : o ok e i 3
vy > ° . =] F o oL W_
GOHLIN WOLATYNY _I_ , . ! o g E ol i, & 2 i 8
SYeEh o, o=l S L oos 2
(o] f m |
o Eoe 3
3 3 3 3 M\\ ¥ ! / =]
- € 3 \ . E a
<0 2 p W 2
] o i, T_ —_- "7 QOHL3N WOILATYNY o~ _
ok 5 , Ssvezi o
d o - — [ - o
e do01 2 _ . Q
_ QOHLIW WOLAWNY ' - k- R
svezt o . 28 z
1 T 7T ] o z° jol W ~
S k m g \_vq N 3 o
E LR . 4(/, n 2 ~ 2
Eoa- Y i Z QOHL3N TWOLATWNY N 300k ; S
k ] 3 s vez \GOH1LIN WOLLATYNY ! oy
E ° F o » - T (3] s P eci ! =
' . 1 4 o — —}0 o 2.
\ H i 8 Z o =
M 0oL 2 Fi-1- i1 © z o
- o4 z 3 1 O z
J.\/\I\IJ 1 K =1 [ % m .
° 2 ; i
N E e o1 3 o 3 .
" v : oo Z ’ 4 g )
I QOHLIW TVOLLATVNY J \ o oor 2
s reel oo | - QOHLIW TVOLLATYNY
T o QOHL3N WOLLATYNY N WOLLATY
o S ¥ P S ¥ €2 .
. z sv ezt |y - Vo o ~
E - e E o
) (4] b om | S w i S
z z P
1 ° 3 Eo- 1 i1 © bR
E * 300 ¥ o ° S m E i z
= b 2 . 8 3
n 2 ] e i 3 K ] c,i0 3
— 0oL 2 ! E . : 32
T ) r o a 8,m
\ . M L o dog 2 Cv :
. -- - - - - - - -
| | | |
K:]y8 .0ct .cch Jet

29



suoibal
|10S g} 10} Spoyiaw [eonhleue G AQ pauiuLa}ap dlUSSIe JO SUOIIRIIUSOUOD PUR ‘sauepunod Ajunod ‘uoibulysep Jo aieis--"g ainbi4

I I I I
(poylew ejqeyoes| 4101) | LEL Poylsw |eas] Buyodas 1@ sisAjeue Jo Jaquiny €,
Aoueby uonoejold jejuewuciaulg ‘S'N G
|1en8| Buipodas mojeq sisAjeue Jo JequinN [
(poyiew ajqeyore| XO1-d3) OLEL PoyIew
KoueBy uoI1108)0ld [BjuBWUOIAUT ‘S' N + uoibai 108 d SH3ILINWOTIM 08 ov 0
{ ]
(poutew ajgeydEe| T
WLSY) §8-286€0 PouieW s|eusjey WYHOOTINM H3d SWVHOITIIN NI S3TIN 08 oy 0
pue Buiisa] ioj Aje100g ueduswy ¢© ‘NOILVELNIONOD
poujawW 8|qRIGA0DRI-[BI0] 2
poisiiiEioL 4 GOHLIN TWOUATVNY - S~
- OHLIW VO NV
GOHLIW VOLLA VNV \ svect o w— \~/| GORISH TYOLATY o
NOLLYNYIdX3 T g5 10
P z .
—_— _ [ e z QOHLIW ._<o:>._<z< m — 9%
b ( b, 3 ekt R Bt
E ..QF T T T T T
=] Q E o io >
oo_.:mz WOUAIWNY | - O« ° |
s reezt . > , o 2 bt 3 0 9]
o -1 4 \ Ly oor ! ENS & >
m ' . . M z 1 L A 1 8—
[ z \\ m E 8 g m Tl
E 3 . s m . . . 3 .O—m
8 g m - A [5) 4
3 o oL 3 _ _ QOHLIW TVOLLATYNY L
S ¥ €2 b .o ——
d g _l L
E— QOHIIN do_.;.zz< g
, v ez Pl i1 ©
T m
o 8 8 z
| m M/
1 £ . L & E o3
! - . g _ ~ . " ] o
d ] ¢ 1o 2 coHLIW OLATNY SNEMN L e 8
g2y ezl o \| GOHLIW TVOLLATVNY i 8
' Y e o s vezt . Z
\ S oot le] T T [X1]
=== ° 4 o m
l _ i . T8 9 o
° - z 3
- b 5 3 o [ e]
,/\f\l\ll ! ) s ° m ° ﬂ z
. E . 304 2 . 3 o noo.—fl
1 m E 10l nMv p
= TOHLIW TVOLLATVNY 3004 2
) svezl .o - ) o I P {
— . 3 {
9 QOHLIW TWOLLATYNY QOHL3W WOUATWNY
. Q s vezl . S ¥ €2 .
- L i & AL AL LB A e b0
L9 o Q
z o] ]
! N m ! (ST Z.F - b= - F
! b s ° ot 0 g . 1t 9 I
° nuv o ° Z.r H . z
n z N 3 ¢ 3
L L ) I 004 Il 0L M E o ° EN]N 3
~ e} [e]
|_L r 2 a 4 .
1 . M T S 001 PO 004 Mx
- - -- - - - - - - - —.6¥
l | ! |
8L .0el .ccl R 748

30



‘suoibai
[10S 2} 10} Spoylaw [eaiAjeue G AQ pauluLdlep WNUEQ JO SUOIBIIUSIUOD puUk ‘sauepunog AJunod ‘uoibuiysepn 4o aleis---Z ainbi4

I ] I I
(poyisw ajqeyoes| 410L1) L LEL poyldw |1an8| Buiuodas je sisAjeue Jo JequinN €,
Aouaby uonoslold [eJUBWUAIALT 'S’ §
{ens| Bujpodas mojeq sisAjeue Jo JaquinN [
(poyjew eigeyoes| XOl-d3) OLEL poylew
Aousby uoyoslold |ejuswUIAUT 'S'N ¥ uojbai 108 d SHILINOTIM 08 ov 0
| ] ]
(poyjew s|qeyodes| I T T T ___ ¥ - 1
WLSYV) §8-286€Q poylew sjeusjeny WyHDOTIM H3d SWYHOITIN NI S3N 08 [0)4 0
pue Bupse 1o} A18100g uedUBWY € .g
poyjew 8|qessnodal-jejol ¢
poylew oL | ~_ QOHLIW VOIATVNY
B TR 1T R P AT - - S ¥ €2 i
GOHIIN WOLAVNY doriLaw éoﬂ<z< A LA
NOLLYNVIdX3 - svEez L o I . o i, ¢
e s 8 | coHIN io;._<z< ’ o B
- . - - E ° i m E io01 m
ST ( — P g %
QOHLIW TYOIATVNY FoL . ios m E e TN moorm
S v €2 | - E i 2
—r—r———0 N | £ Joor 3 2 — 1
Q . { o) E mOw 4
o] \ E O > o m
E E RS 2 1 L " ) L (] 000't
o © m \\ ﬁ m E N 1001 AHU_
3 3 4 £
o o 5 . . . z
2 \ . e 0001
k 4 {001 3 QOHLaW ._<o_>._<z< '
- — - S v €2 i .
g ? ¥ ¢ - o0 ~— -——
S o Lo e — L
po—— = —F i 2
oo.._._.ms. TWOIATYNY \ ° o . ‘
vezezl o ] in 2 . .
SRR Ee o w o w GOHLIN TYOIATYNY
E R i, 2 1 ioor 3™~ s v eclt oo
N ; _ on:._.ws_ woAWNY | T W ot g : i 8
I E e m..:m sveelr “~ »._\u 000' 1, 2
g . N Q
‘ joor 3 { g “GOHLIN VOINTVNY o 3
. d 1 1t 8 iveel o i »
1 @ 0004 FI - Q joor F|
i oo oL e 1 [*}
' _ 3 E . i1 = N
Lk {00 3 ] 000t -
. ~ E F z ~
_ J,\r\l\, . \ﬁ/r., 1 , ] ) o oL m '\
QOHLIW VOIATVNY . 0001 3 foor 3 —_——
S ¥ E 2t sv \ 4 3
F— 0 " . . ]
' o E 8 - / 000°t :
F i+ & ! QOHLIN TVOIATYNY QOHLIN TWOIATYNY
m s v ez S v €2} S
k i oL M —— 0 ——r—T—7—7— 0
o (o] 3 Q
3 E 1 W 3 : m t W =
' 3 0oL 3 1 o ° + o~ ° 1 (e}
| n e M i m
s o000t _., Foe ot Mul, e iol m
= 3
- E b 3
, / ! r 00t w F g 0oL w
~ 4 3 4
‘_L _ - 235001 — & 5o000't “
) ' g - - - - s
_ - | - |- - - - ! i

8t .0ct .ccl et

31



‘suoibai
{10S 21 10} spoylaw [eonAjeue G Aq pauiuuaiap wnijlieq Jo SUORIUBIUCD pUe ‘sauepunoq Ajunod ‘uoibulysep Jo sleis--'g ainbig

I ] I I

(poyiew ajgeyses| 41041) 1 LE4 poylew jane| Buipodes je sisAjeue Jo JequinN £,
Aoueby uonoeiold [eluBWUOIALT 'S'N &
|ena} Buinodas mojeq sisAjeue jo Jaqunn L -

(poyjaw sjgeyoeal XOL-d3) OLEL POylaw

Aoueby uonoejold [BluBWIUCIAUT 'S'N ¥ uoiBas 108 d SHILINWOTIN 08 ov 0

| 1 |

(powew ejqeyoeel LA N N S e

INLSV) S8-/86£ POOW S[EueIeN WYHDOIY H3d SWYHOITIIW NI SIUW 08 or 0
pue Buyse) 10§ 4191008 uBdUBWY € ‘NOLLVELNIONOD

POYIOW B|GRIBADODRI-[BI0) 2

oW (210, QOHLIN TVOLLATVNY -
polIRIL S v ezt - \h( - QOHLIN TVOLATYNY
— T T 100~ _ v s v €2
AQOHL3IN TWOUATVNY - 3 ﬂ‘_ S el
NOLLYNV1dX3 l\:. - Lo 2 . 8
- i v ' ! “ )
— = -- -- =z Y 2 QOHLIW TVOLLATYNY i g jro §
— 3 S v E 2} . z
r Loy — —— 100 3
QOHLIN TVOLLATYNY o €° 3 g 2 1 %
z z ) : 2
L srvezl oo > _ R P ! ] jro 3 )
——— O|I_ , . o o P 1)}
Q ! S
z o 11
e §
ﬁ Al 4 | I3 [5) ° W
-a- \ ,
AR I g QOHLIN TYOLATYNY — !
& 3 -—- -1 svez) oo
d 2 |
—30k  QOHLIW VOLATYNY .
! St ezl \ b jro
| o 1% W -t
3 E
! — E iro M feo 1
! - N z ju'./ W .
Lok $ 3 comanmowmy N R o1 o
. 3 svez s P 8
_ Y e’ e [ ® am // QOHLIW TYOLATVNY fo §
R ; sreed - -
_ | | e
' _ Z =
b= bmn H m E 1 v o
Rl o c . 1t A o o <
S~ L & 3 - - -
. s e z 'OF “—0 3 T e
b —— GOHLIN WOLLATYNY < - : o :
P seeet o AN g ]
=, —— ,r
g _ QOHLIN WOLLATVNY QOHLIW TVOLLATVNY )
S v ezl s v ezt - \
¢ 1o § 1§00 ————100 T~
m m o
' Ll 3 : 2,- g
| F i M E mw.Om E mF.OM:v
n € 2 —. b d ml- O O m
' oL E ° . 11 e n 3
I_I_ )I [l r - m a m
_ ! _ - DA y
X U - - - - c - - o
- - O _ L _

8L .0ct .ccl Jelk

32



‘suoibai
|10S 2| 0} spoyiaw [eotihfeue G AQ pauluusiap WNIWpPeD JO SUCHRIJUSIUOD pue ‘sauepunog Alunod ‘uojbuiysepn Jo aels--'6 ainbig

(poyiaw sjqeyoes| 410L) L LEL poyew
Aouaby uoloajold [eljuswiualAug ‘S'N

(poyjaw 8|qeydes| XOL-d3) 0LEL poyiaw

|eaa] Butpodai je sisAjeue jo JaquinN €,

|ea8| Buinodas mojeq stsAjeue jo JaquinN b

Aousby UO0I08)0Id [BIUBWUOIALT ‘SN uoiBal j10§ d SH3ILINWOTM o8 oy 0
] |
(poylaw sjgeyoes| [ T T 1 ___ L i 1
WLSV) 68-/86€Q Poylaw sjeusjepy WYHDOTIM H3d SWVHODITIIN NI STUN 08 oy 0
pue Butisaj 10} A18100G uedUBWY ‘NOILLVHLNIONOD
poyiaw s|qesan0dal-lejo )
oyjawi |Blo -
pouiew (10} cOHLIM Mowﬁwz( \r - \wr( - GOHLIN WOLATYNY
GOHLIN OLATVNY RS LR b SY ezl
NOLLYNVY1dX3 T oo:ms_ TOUATYNY
o {ro 2 Sy ezl bt e g
- - S~ juj 3 1o Q
| —_——— WI- [ G m S- M —
v _|_ __ _ ! ° e | 3 ‘ ! s- |8 i I3
QOHLIN WOLUATYNY - 2 ]
S ¥ €2 0 L \\\// — o : M 1 2
- ol
L o 1 - - m
b= e b 9 ﬁ ) s
E o § _ + L
5 m ) ‘ \ 1
w a7 GOHLIN WOLLATVNY
E it 3 - - § Y 821 0 .
v- <]
A_ 2 _
Lo \
1
_ QOHLIN TVOLATYNY oom..m_“‘ M«owﬁuz.‘
' S ¥ ezl oo r— 100
b —— =t o) = -
LRI 9 ° 1o
E 110 % ~ G-
S- z 1 m GQOHL3IN WOUATVNY
i 2 {108 \ s¥ez!t 0
! £- 3 - u ]
' e ] \ Eb-b- - m
. oL i m;\ 3 108
< - — z- 3 s- z
S o ® :
3 o_ L E 3
‘ . . €- \
- |.|J / \4\ e 4 g “
GOHLIN TYOUATVNY /J SN 1| '
S Y EZ 1l o ! QOHLIN TVOLATVNY GOHLIW TYOUATYNY
[ o S v ezt : S v ezt :
———— 100 . Y ¢ 100
S - Q g 1'%,
3 ito g Sl g b=b— - g
! s- 2 ' 10 Q E 3100
! M -2 ju Go f o
3 3 m s ] m
€ ] N 3 Y
n 3 4 t 2 3 =
E - (o] Z*
PP ¥ 1} r [ z « FQ ] m ,
\ .._ M ﬂ TN R S——— ¥ )|} CE o v o 3o )
2 -— - - - - - - - Id - - - 2o ]
| | | |
8t .0ct .cch bl

33



-suoibal
JIOS g1 10} SpOylaW |eonAjeue G AQ pauiuLIalep WNIWOIYD JO SUOIIBIIUSOUOD pUk ‘sauepunoq Ajunoo ‘ucibuiysep Jo alels---gL ainbi4

I T [ I
(poyiaw ajqeyoes| g101) | LEL PoyIBLW 1eae| Buuodes je siskjeue jo JaquinN €o
Aouaby uoi}oajold jeluawUoIAUT 'S'N S
1eAg| Buiyodal mofaq sisAjeue jo JaquinN [
(poyaw 8|qeyses| XOL-d3) OLEL Poylaw
Aousby uonosjold BlUSWUOHALT 'S'N ¥ uoifies jiog d SH3ILINWOTIN 08 (114 0
| | |
(Poyiaw a|qeyaEa] — g
WLSY) %w.nwmmo wo_toE sjeusjey WvHODOTIM H3d SWYHDITIIN NI S3TIN 08 ()4 0
S BX B3a STVHE !
pue bunsa} Joj A18100g UBDUBWY € NOLLVHLNIONOD
poylow 8|qeisnodal-jelo]l g
poyjsw jgj0] | no:m._.m“‘ M(Ow_.>.—_<z< r - AOHLIN TVOILATYNY
T T T 100 -7 = S v €2 ) 10"
GOH13W TWOLLATVNY o o 8 A om
NOILYNY1dX3 l.\:\ -k m— m HJ f E l- 1- - L0 Wv
- - K F| 1 |
- - - o : 1o 3 aoHiIN wouawNy Ty f i o
GOHLIN WD =><z< ﬁ - s J00 3 S ¥ &2 1 o0 J/ 3 e f0 3 —
E E| [ T T T T T o »
r m w m w T .—ooo m (o} ° moo—m ‘uT—lT i10 m £ 5 Qmoo—w
w—l - - m—.o m_l_ > . L1111 3000} X w wv m E L TR <z
3 i 8 £ F Z R /
E 1 m ! \ A.F F 8 jo. 3.- -
E jol > \
TR W PR r | P le edmy \
F g 000 5 QOHLIN WOLAWNY B o+ . 0002 ‘
E . .ooo.—N o - S v €2 1 10°0 ! P
N [T T T T ] o) ¢ TN— - L Ne
\ QOHL3IW TVOILATWNY £ 1,0 67 —_ - v
E |- 1~ |- 310 . I
S v €2+ 00 Sl 3 3 b
T T T T T o W m — m ~ ﬁn:”
Q ] z ~ .
Al Sl N_ : jon 3 ' Ty
e} E Fi ~
3 ivom b 8 LAy ) /QOHLIN TWOLLATYNY
1 ] z o joor = S v €21 .
| PEEE———— Y @ 01 m j{ \E W ° E m 3 T T LI — 100
: 6 » | GOHLIW WOLATVNY o “owo; S 1o &
001 = . . N - - 3 N
f oy 17 o o0 N QOHLIN WOILAIYNY i m :
1 L 000'L E 3. . |
' i S o m\ srecz} o o m
_ ] FIN] E - - o Q 3
1 i z L & oot 2
b jo 3 3 iIrom e
- /\/\l\/ [ 8 F > E 2 000't \,
£ o g jo01 2 E jo. 3
~ E o3 m E ° W_ - —
QOHLIW TWOLLATYNY e _.\58_ g ° 3 o0 3 3
JE— - . E
. & Et 00 A Ny £ T e fooots
Ep-i- - iro Q 1 QOHLIW TVOILAWNY QOH1IW TVOILATWNY - .
v R $r 82t w0 55830 : H
] z E o~ 3. m AN
] jon 3 b RSN o Sl S wo 3z A
1 E & ] > ! 9 FIR- /.
1 E 8 joor 3 _ 2 | 1 2
£ 1 1 1 1 1 30004% E 8 jot m K ] mo— w
- E o 3 3 3
w_ t Eop ] 3004 W_ k a o o moo— W_
~ E 3 L2 E ° 3 Oz
I—I_ - E 1 L L 000'1L TS IR B N 000°}
T B . o s ) <
| | _ - _

8L .0ct .ccl el

34



‘suoibal

[10S 2| 10} spoylew [eonfeue g Ag pauluuaiap 18ddod Jo SUOIIBIJUBOUOD PUB ‘sauepunoq Ajunod ‘uolBulysepn o ajejS--L | ainbi4

f
(poulew s|qeyaea| d1OL) LLEL PoYIa

I I
Jeae| Buipodal je sisAjeue jo JequinN €,

I

Aouaby uoljoelold jeluswuoliAug 'S’ §
jana] Buipodar mojaq sisAjeue Jo aqunN L=
(poytaw sjqeyoes| XOL-d3) OLEL poyiaw
Aoueby uoipajold jejusliuOIAUT 'S'N ¥ uoibel j10 d SH3ILIWOUN 08 oy 0
| ! |
(poyiaw ejqeyoes) T
WLSYV) §8-/86€Q Poulew sjeusiepy WvHDOTIM H3d SWYHDITIIN NI S3UN 08 014 0
pue 6upise] Joj Ale100g ueouBWyY € ‘NOILVHINIONOD
poyiew 8|qelan0dal-elo] ¢
poylew felo] | QOHLIW TYOLLATYNY . -
S v E 2T b 0~ - = QOHLAW TVDILATYNY
QOHLIW VOLATVNY T g SvEezt g
NOLLYNVIdX3 T vz 5 _ A 3
- \l\l M M \ _ »V\ﬂ E it ANJ
- — - - -- - - I o L Jo 3 QOHLIN TYOLLATYNY , 2 _
o: % SveEecl g g 3
E Joo1 W. ) W/ 8 o 2
QOHLIAW TYOLLATYNY - E o EL— b 2 ¢f E 3
S e e L Pl IS . P8 2
£ 1 1 E 3 L I L L
L i@ 3 o1 3
i 3 | \\ m . i3] m -
: o ,; 3 oo 5
i o I ’ N _ E © i ©°
: U 3 - § : 300012
] > . d3000° ) ;
F jo01 - -—- - I_I QOHLIW TYOILATYNY —~—— . S
Lo d s S v €21 g - - o
wooao o 3000°L \ _ ”l o o - ,,
QOHLIN TYOLLATYNY N Lanlanlin i, 2 N S
S ¥ €2 L g a J/ AT
T T T T T o ' Rt
E e E 3 oo Z . > W
_ L1 1, m w 3y w../, ., \looﬁmw‘ .w<o%>~<zﬂ.o
— E m N 3 joor 3§ 72 o
E 01 Z o o) Eil—1—1— E o]
] ] ulu. E W L2 E 11 r4
E L >  QOHL3IW TVOILATVNY ——— 3000t L o
E o 3001 o S ¥ €2 1 . » < w ﬁ
. ] 2 [0 4 QOHLAW TYOLLATYNY k fou 3
X E .. .. d0001% Fl—b-1— i, g § ¥ €21 10 ; 804 2
' _ ¥ 1+ & EL—b— b i o § o o 400
E E m E ENY z EY an
- . 3 . o z s 1 Q e 00004
v : °g3 P E jo 3 N
~ F MHOO— = E [} ° E Wu T T—— e —
o _ B =1 mooo.—m 3 jo01 =
, GOHLIW TYOILATYNY e E 4 i 2
S Y ezl g X ) e d000% -
] o \
1 i GOHLIN IVOLATVAY QOHLIN TVOLATVNY
E T Ty EE o S ¥ €2 g
b ] E T Q
in 2 e v 2 B i 9
E L F 4 E
. b, " 3 | b 3 art i+ 8
' E 8 E > E E me 3 m
E ook o E qor % . E z
t n 1 o g o 3 37 [ P o 3
E E 4 E o 3 >t ° 3
E_ . . 000°L ) E 004 =l E o E >
‘_._ A - anJ, 3 . ® Joor 3
. _ M f 0000 T 0002
I A - - —— - - - - - - - e - _ .
f | I |
8L .0¢k .ccl el

R°]4

35



‘suo|bal
110S 2| 10} SPOYIoW [eonAjeue G AQ paUILLISISP U JO SUOIIBIIUSIUOD PUE ‘SaUEBPUNOG AUN0d ‘UO)BUIYSEA JO S1B1S--"Z | danbidg

I I I I
(poylauw a|qeyoes| 410L1) L LEL poulsw |eA8| Buiuodas Je sisAjeue jo JjequinN €
Aouaby uonoejoid [eJusWIUOIALT 'S'N  §
jens] Buipodes mojeq sisAfeue jo sjaquinN L-
(poyjaw ajqeyoea) XOL-d3) OLEL Poulaw

Aoueby uonosjoid [BIUBWIUCIAUT 'S N uoibas j10g d SH3ILINWOTIM 08 oy 0
| TN Y TS AN N SN N
(poyjew ajqeyoes| © iyt T T T T T T T T |
pue ‘y ‘g spoylew)
WLSY) §8-286€0 POYIau S{eusjepN
pue Bunsay 4o} A18loog uesuswy € WYHOOTIM H3d SWYHOITIIN NI STN 08 ov 0
(¢ pue | spoyiaw) INIOHId NI
poyjaw a|qeisacdal-jejol ¢ ‘NOLLVHLNIDONOD
poysw [el0] | -
e GOH.IN TWOUAVNY - - GOHLIW TYOLLATVNY
QOHLIW TVOLLATYNY \\:, ———— _oo}\. srezl .,
NOILYNVY1dX3 1\\,\| s 2 ) m
- E o b= E | “ z
o o L~ ° A m OHLIN WOLLKTVNY E ' O
—_— o
— 1] 3 srez, 2
i oy 8 ¢t I TR
OHLIN TWOILATYNY _ o 3 - e I 5
mvm«—_.o_l_ N _ 2 fo. o 8-t o 2
T o , . ool ” 1 W._Lpb.kOO—
° o ] . 1 )
° ° 3 z E o 301 W
E N i, © ﬂ L 3
g -No _M ~ 4 14 E 9 o
Ne 5 \ ! P oo—N
E 3 - §
o 3 v :
a 3 - - 4 - QOHLIN WOILATWYNY
B - 1 S ¥ €2 L T ——
R 2 % 10
oot ' 18 .
! GomLaw woLawNg . ot ] Z .
b svezTt o i it m
T o ° m . m m 1 )
| 2 : C i 2 GORLIW TVOLLATYNY
E o iL O 17 as S ¥eet .
— , B ) e L Ees
] o 3 35, B GOHLIW WOILAIVAV N S00t { oLl X m
S ¥ . . £ :
. °y |2 FEE o GOHLIN WOUATVNY i
i 2 3 S vez b .. ¥ El
' . 304 ° 2 ———————}'0 ° e o1 B,
1 E ° 3L O o =i
I ° 9z 2 - -4 v 5]
- . ! RET o P*+ MR [}V, T
v~ C jo g 8. 2 .
, : 1" 3 o - —
i1 & 3 jol » —_—
+ — QOHLIN TYOILATYNY e Y0012 e \
. Sy ezt o Lo F 4 2
T - P ool T
‘ 1 8 _ QOHLIW ._<oF/>N<z< S —— R
P o i =z S v g2 L .
E ° ERS % —T—T— —oO S v E 2L o — _ \l/
. 1 2 s 1 0 T o =
1 ° ¢ 3 E o ° i, 8 s m
E E ! F oo 3 E
n m 1 o ] ulu.vl...n Ee § -4
e 3001 3 ER TR o ® 3
- N ' 1 a | F 0l >
~ r m [ a .nﬂ.v -
._\_ _ " Jool : e s
” . M B . o _ N\V E . i 1 1 n OOP

8L 0¢t K443 Jel

36



‘suoibal

|10S 2} 10} spoyiaw |eonhleue G Aq pauiuualsp Aindiaw JO SUOIIBIIUBDUOD puUe ‘ssuepunogq Ajunod ‘uojbuiysep Jo ajeis--g| aunbiy

(poylew e|qeyoes| J101) LLEL POYlewW

Aousby uonosjold jeJuswiuciAUg 'S'N S

|aA8| Buiuodas Je sisAjeue jo Jeaquiny £

leae| Buipodes mojeq sisAjeur jo JequinN [

(poujew ejqeyoes| XOL-d3) OLEL Poylew

Aoueby uono8loid [BIUBWUCIAUT 'S'N ¥ uoibes 10g d SHILINOTUMA 08 oy 0
{ ! |
(poyiew ejqeyIEs)| f T T T T
WLSY) 58-286€Q poylew sjeusiew WYHDOIN H3d SWYHODITHN NI SITN 08 oy 0
pue bunse] Joj A1@ioog urouswy € ‘NOLLVHELNIONGT
poyjew a|qeieaodal-jelo] g
QOHLIW WOLLATYNY
poyjeuijelof | S v € 2 . -~ QOHLIN TVOLUATVNY
—— 10000 _ .- - s v ezt .
QOHLIN WOLLATVNV P {000 8¢ T 10000
NOLLYNVIdX3 A4k . {100 & 5 ) fi—t t1000 9
- - T QOHLIW WOLLATYRY 3 o dwo
—— - -- - - b fvo 2 S v €2 | . i E
S ; 7710000 _ | iro I —
[ o 1t Q B —1— {1000 8 ° 3
OHLIW TDLLATYNY ° o Z b=t 1000 gl i 2
S vezt . 3 z
10000 N _ : g, Jwo o Le———2do
g ’ | ! £ g .- T
== 000 2 -- ro
o -
% 0o § ﬁ/ E i
9 o]
° o 2 . ’ 4
o v 1'0 & N . 1 { e ol
. 3 QOHLIN VOLATYNY '
-— - S
R o < L A 40000 —— - —
[ GOHLIW TYOUATNY — _ fi-t= Ji000 27N .
S v €2 | . N \ ° 5 -~
! 10000 3 g Jwo o
h Fit— {1000 2 W n 2% o m GOHLIN TVOLLATYNY
! k 14 fi00 8 3 i =] S ¥ € 2T
o ] — X
_ ) o v onEmséo_hﬂE . W 2 c 10000
b 2 JVo T g v gz RN S - TIT {1000 2
] o Ay BTy o0, goHfaw WOy ¢ ] ° i 8
\ d E ZR—-1— 11000 Q S Y Ee2Zt o000 00 2
e iy ] o e 3 N T o. 110 w
! 7 8 Jioo O - 11000 Q!
| 1 ° 3 E o W 11 3
B ad ' g s joe g ol 2
N 3 i+ 2 Am 8o §, ‘ y
/\ZMJ?, _ | o 2 ] ° M e M - —
HLIN TYOLLATYI e 'R 1
] N o4 e
- S v €z | ) VAR BN ; z )
; \ 10000 _ A~ g ot ; ¢
Fi—1= 11000 m ) QOHLIN TVILATVNY QOHLIN TVOLATVNY 5
iy . g r ez : S vEzT .
k g o @m 10000 = 10000 ,
1 e ito 3 bi—-1- 11000 fi—t— i 1000 ©
1 > ° = o o W
\ 3 1. m m 2 100 m ¥ 1100 m
z 8 . m 1 {
o 10 -f o 8 410 .m.l
. w' 1 I w i ° i, - Wv
.‘L i i o < ‘ 2
R R P R
SR B - - i
- _|
| _ l !
K:]" .0ct .cch b2t

37



T
(poyisw s|qeyoes) d191) LLEL poyiew
Aousby uonosoid [BJUBWILAIALTY 'S N §
1eA8) Bujpodas
(poyjew 8jqeyoes| XOL-d3) OLEL PoUIBW

l

1eA8] Buipodas je sishjeue jo JequinN

mojaq sishjeue Jo 1equinN

l

‘suoibai jlos
2l 1o} spoylaw [eonhfeue G Aq pauluuslap asauebuew Jo suoleluasuod pue ‘sauepunod Ajunod ‘uoibulysepn Jo ayelS--"pi ainbi4

R4

Koueby uono8I0Id [BIUBWILOIAUT ‘S’ N ¥ uoibai |10S d SH3LIAWOTIM 08 oY 0
| L 1
(Poulews ejqeydEe)| LA S S S p
WLSV) G8-/86€0 Poylow sieusiep WVYHDOTIN H3d SWVHDITHIN NI SITIN 08 oy 0
pue Bunsa) J1oj K19100S ueduBWy € ‘NOLLVELNIONOD
poyisw 8jqeianodel-e1ol g
QOHLIW TYOLLATYNY
poyiew jeloL | Sy ezl o - GOHLIN WOLLATYNY
o B _ o .- - sveet .
GOHLIN VOLATVNY 1 - ; 8. o
\ . + mf T [ o]
NOLLYNVIeX3 el S fo 20 qouwaw wowsww : ‘g
— = - - R L~ 1 1001 M m 2 w N 1 o (13 m
- . 3 , T T Q 3 001 ]
AR ( K0S DGR A B B
4] 8 doo0t
: - e 000°01 £ E° i m. 0 s)
QOHLIN TYOLLATYNY L, Vet _ ! o 2 R -
s vezt o . \ 1 i 3 : N
(Y] o , _ oot W. \
b ) { E 8 . - lu_ <
E 3 Z \ ﬁ o § 4oo0t m ‘
s oo T~ ’ . ' ( v dog0'01
1 ot m - GOHLIW WOLATYNY i
o W.n - — - - |l_| S v € ¢ 1 10 N NSRS
X a s ooo't 3 . — T_. T w lﬂ - - _ ey
A .coo.o—m — - N 1 o i 2 —
,GOHLIW TYOLLATYNY N L, io ] p TN
S v el o : 3 J/ GOHLIW VOUATYNY
o z T T
_ ! 3 1 8 ¢ fo001 2 . g
e i joo T aowaw #o:»..ﬁu«lll W S, Eoooo L m
P , o
' o oo m mpvpn <l o QOHLIN TVOLATVNY ,. ' oo 2
vk " § dooor I | e i Q Sy &2t oy 1 001 M
b o [ " ° >
__ _ e So.opm k io O - -1 i -F oy 8 8 000t 3
_ . F i oo m_. i io o dooo'or £
- N ' ' >
’ — J\/\l\r %r vk 1 [} m" 000°L w E ioor _ i ) (
QOHLIW WOLLATVNY \ ; 000’01 = oy 8 5 Jooo \
- S v €2 | N < s
\ | ————}0 A QOHLIW TYOLATVNY - : 000'01 .
b g S v ezl JooEm:.zo_.;.zz,q
F . T o m vy € ¢ 1 . 3
t 104 _M E o —1 T. i W —AI —w —y0 o - \/ ~ RN ‘,
] doot 3 5t 2 ~_ "
o0} 1 in @ o Cel
! [ ] W. ! 0 Zif o1 m /
\ 3 n ¢ 3000t m E oo m._ m
S . dooo0l _‘i 1 m 8 10001 WI- m oot vlv.l.l
- i ' r 2f g ¢ 1ooo 3
‘_.._ y oo — : cocém
__ L, M - - # - - - A\v - - - 2, B
| , _ - - _
8L .02t .gcl RZ4%

38



‘suolbal
J10S 21 10} Spoylaw jeonAjeue G AQ pauiuualap (901U JO SUOIBIIUSOUOD pue ‘sauepunoq Ajunod ‘uojbuiysep Jo ai1eis--"gL ainbig

I I T I
(poulew ajqeyoes| 419L1) | L€} poyiow |eas] Buiuodas je sishjeue jo JequinN €
Aouaby uoinoejoid jejuswuoIAUT ‘S'N S
19A8) Buinodes mojeq sisAjeue jo Jequinn [
(poyjew 8jqeyoes) XOL-d3) OLE} PoUlBW

Aoueby uoN08)0I4 [BIUBWILOIAUT 'S’ N ¥ uoibes jlog d SHILINOTIM 08 [0)4 0
| I _
(Poyew 8jgeyoes| =
WLSY) S8-£86€Q PoyiaW sjeuajey WYHDO1IY H3d SWYHODITIIW NI STTIN 08 oy 0
pue Bupsa) Joj A1a1o0g uBDUBWY € ‘NOLVHINIONOD
poyjaw sjqrIsAOOaI-BI0L 2
poyiow jejol | QOHLINTVOLATYNY B - aokuam iowﬁwz«.
. — — b0
GOHIIW TVOLATVNY Sy /w s g
NOLLYNVdX3 25 ! | [ g
- ' GOHLIN TVOUATYNY

_ - o~ m v € 2 vo K ' ioL m

_— 3 LA _
o .
Loty | ﬁ N
o)

QOHLAN TVOLLATYNY 8- e (2
svezi .o Ly > _ _ E jo 2 —— 000°F
T }'0 o . i, 3 1U7\/ A

T {, ¢! \ ﬁ ALI joor 3 - -

[9] [5) o B
LN ‘ N
F uNn 01 m {
S QOHLIW TYOLLATYNY X
] Joor = Syezct o :
d g o Q 4/ B - -
e 2000't o0:»m2..<u....>..<z< _ B i, g
! s v ez a .
ST 8 , o, 10 % -
E E m o f 3 QOHLIN VOLLATYNY
! 2 : * Jow 3 Sy ez o
) - E E 3{ w ] o Q
- L mn_o..pmzdoﬁi% ~ RSP PO b i, g
] 1o 2 S v € 2 ) . P ( 8
— u o 3 R yvo o QOHLIW WOLLATYNY 1o 2
ZE-b- - E
| 3 000’} i1 2 LI 8 3
! _ m b= b= k- o ¢ ool w
E 3 E|
' H_ s o 3 ¢ b3 Lz
; ! T . 3 ) B . 3 000"t
v~ N ° joor o b o3 K
“ ~ h m ] w >. - - ./”I
QOHLIN TVOLLATYNY 3 000} F joor 3| T
[ S v & 2 | 10 \l\|/ 7= r/J Py ° o °QQ.—N,A
; e LU I R e : _
L i, g GOHIIN TYOLATVNY GOHLIN TYOLLATYNY L
5 PPt o N\ svez b .
3 m e be be m — T (3] o .
: ', 10 3 2 fi-1-4- o ~
L] Py o F 3 4
! £ joor 3 ! 2 B
i n 2 3 jor &
PR S 000°} WI H m
_t r \ o Ff o ¢ 3001 W_
~ = a 4
” _ § - - :
—-— - - - - - ————n - - —

8L .0ct .GCl Jel

39



*suoibal
JI0S g} 10} spoyiaw |eopAjeue G AQ pauiuualep pes| JO SUOIBIUBOUCD pue ‘sauepunogq Ajunod ‘uojbulysepn Jo ajeig--"g| aInbi4

(poylew ejqeyoee| d11) L LEL Poylew
Koueby uonosjoid [EjUsWUCIALT 'S'N S

I
|18a9] Buipodes je sisAjeue jo JequinN

joae| Buipodes mojeq sisAjeue jo JequinN

(poyjew ejqeyoee; XOL-d3) OLEL Poylew

Aoueby uonoejaid |ejUBWUOINUT 'S'N ¥ uoibes jlog d SHALINOTIN 08 or 0
| i |
(poylew ajqeyoes) — 5
WLSY) §8-286£Q0 Poylew sjeusien WYHDOTIM H3d SWYHOITIA NI ST 08 114 0
pue QC_-wO._. 10} bw_uow ueduewy € .g
poyjew ejqeisaocdal-jelol ¢
GQOHL3IW TWOLLATYNY
poyiew jejo} | ~
sreel oo .rn .- - GOHLIWN TYOLLATYNY
GOHLIN TYOLLATVNY - m S~ s v ez o
, NOLLYNVYIdX3 I\r\ - m ENS m I ' E - = 1= 1 m
, - 1 2 'QOHLIW WOLLAWNY —*  F v 8
(II:- ,—«lu - ﬁ — i N-MMSM. _ sveezt o, // e 1z
QOHLIW WOTLATYNY _ E o LR * P g ) z8 1o m
. - E. o+ . 3g01 E 3 (e} o] 3 o)
sreziove L N _ ! S AR
E - - g ’ ) w o 3 7 .
E i & \\ ﬁ/ ml_l g g J00 3- -
L m r S
3 jou -
[ g 2 _ _ nva _ QOHLIW TYOLATYNY '
d 9, -~ T Sy €2t . T~ _ SO
300k m. S A o _
QOHLIW TWOLLATYNY — - b= i g
s v el . . i, &
1o o .
8 ) | 3 :
b= 1=1= 2 QOHIIW TVOILATVNY 8 E Don QOH1INW TVOILATYNY
_ L2 Tsre e i g 10 3 svezL .
f— - z ——— V0 = W 1 3 e VO
(o] E
=4 | .k 3 z []
[ I PO B S 9 SRR 1)1} -1 1- 2
8 > [Sad Sl £ Z\ ~ . [
2t ET GOHLIW TYOLLATYNY b
) u ° ] m S v €32 1 z
M V%] g ] 3 ——— o 3
| 3 8 i 2 r 1 © =
! _ L 8 4 b= b= - i 2 =1
1 <] E i o 9
- 2 m }
/\i, L - —— 00!} R z
, . iy 3
A : g T
QOHLIW TYOLLATYNY 3 .
- 7L N EooA
RN A -~ o ® |
S 1 8 ' GOHLIN TWOLLATYNY GQOHLIN TVYOLLATYNY >
E - - - | N
: i 8 AL S srezlovo ,
m L ] ()
! 1z , 8 R
W 3 Eb—1=1- w_ [ E
I E 0l » ' E EN <k ERS
Vot 'y 3 _.~ ] m_ﬁ ]
E n 3 - 9
,__w,,momFN i mmmem I Yo
- ] r ° ] m a ]
._L ) NN FYTE do01
' o | _ - ___5
| I
8t .0cl .CCh R 443

.6v

40



‘'suoibai
|10S g1 10} spoyiow |eonAjeue G Aq paujuuaap Auowijue Jo SuoijeIjuUaduod pue ‘sauepunog Ajunod ‘uojbulysepn Jo siels--"Z1 ainbi4

I I I I
(poyiaw ejqeyoes] d101) | LEL Poylew jans| Buloda je sisAjeur jo Jaquiny £,
Aoueby uoloel0ld [eJUBWILOIAUT 'S'N  §
|eA8| Buipodas mojaq siSA[BUE JO JaquinN L=
(poyjaw sjqeyoEs) XO1-d3) OLEL PoYIeW
Aoueby uoyosiold [BIUSLILOIALT 'S N ¥ uoiBai jl0g d SHILINOTIM 08 [0)4 0
| | |
(poyiaw ajgeyors) g
WLSYV) 68-286€Q pPoyieW sieusien WYHODOTM H3d SWYHOITIIN NI SITN 08 (0}4 0
pue Buysa] 1o} A1d100g ueduBwy € ‘NOILVELNIONOD
poylew ajqelsncdss-Blo] g
poylew jglo] | QOIM m_w. ._M o_m._.>._—<z< o r . ~_ QOHL3IW TVOLLATYNY
GOHIIW WOLLATVNY R - B SveTt uo
NOILVYNV1dX3 e 7t er-- g ﬂJ ) i Q
o~ -~ 1 i, 2 ! OH1IW TWOLLATYNY ™% Sl Q
T T T — ¢ 3 | osvez ; o1t 3 -
AOHL3W TYOLLATYNY ﬁ G- 1 M T w o 2
Sy e o o 3 m . 9 . o G- ml.v.
T T T T T - n 2 L n 1 3 o Sl Sl (e}
(e} b
] 8 _I_ \> ! oL ! m ! M o 2
R z 1 F ENS
=== i o 1 ] 3
-1 0 > - -
E f ElT Z [ s~ ] d
m N - ¢ 9 bl [e]
g ] W.\L A ! { N S oL z
- 1 = - QOH13W TWOLLATYNY
d i 28 - - v - Svezu . !
N z _ _ 1’0 T~—e— o
1 oL t —r—T— T o - —_—
OHL3W TVOILATYNY \_ ' o ﬁ
S v e2 w - - z
L _oo N [ a - 7
] F €° 3, 2 IJ/ ' . {
b4 m s N
b= b= b= o b P ) ~QOHL3W TVYOLLAIYNY
1 m - E
° 3, Z [ _ S 1 4 S ¥ E2 b o
! - o 3 QOHLIW TWOLLATVNY . ] 19 " o
— - > S ¥ €2t . MNE 3 o
s o =] T Lo A I3 Z
d ] 18 QOHLIW WOLLATYNY o
] ] S z
o [ Tl 1 m T _v m .N .— —.00 it m. |
1 ° m b o >
1 F o 31 2 z 94
o | W [ e 1 % an .
v~ ! s- 1 2 3 i,z o
« b 1 O 8 u “
o z i > - A
o4 - —
v ~ \ ) k rr 4 s w L
vo - \L. ) S Y '
o ' AOHL13W TVOILATVYNY AOHLIN TVILLAIVNY .
2 S v €ee i . . o
a T }'0 svezt .o —- X
Q T ~
Lz e} m ~
bl 2 1
> 1 [ e e} ~Tiopoie 1 4
=] B m 1 Q
=] 3 1, 2 i m
Q o 4 I.mu 3 4
4 ° s B o ' - —
m_. c- V\l o | m
! r W_J §™ o | b=}
> R YR a I
- - - - - - - - - - <L |
| | | |

8L .02t el el

41



42

E<)
2 —_
> >0
L =] ce ©o
o/‘ = 5E 5
- - - oo 1w E o 22 9¢
T a T w o cQ 5 <E
r | 1w = ! O oL c® co
| - 5o e o, S% 6o
o F 1 1™ g _EO 5@ =
] I w S w T He 8% 86
o E ! o e = £ '938 §>< gg
w— t . - 3— 2 2 -3 35 2
= s e | 3 5! E 20- FF ®Y
o 32 =) - - - < 1 E o 388 €d €O
o WE o — -] ® T3 30 3 § gBe b5
- & —— - — NOILVHINIONOD — B ¢ 8%e §2 §T
T ey 8 ' £ 3 ‘25,0: e _gm
Zz s - [y Q - > -
. < . {o E ] g 2 8§58 83 53
Py o -~ = = -:C‘: o wo
g w [5 =4 i =4
F | 1< Z s © 02¢ £ £
5 = o 5 5 EZg e Ne
L T 1o 2 : E F F <32 SE DOE
’ - < s 1 A <
b } qev - N ™ <+
f o E \\ g o
- I A-i N o
T e = Ly '.:m.“ s ':um. ) - 5 &
.9 5 3 \ N X E
1]
\\‘ . NOLLYHLN3IONOD o T
A Q Vi c @
! A - Jo2 . ) 2 £ 5
SRR & \ o 8 £
b e o \t [ i< [O] o £t
s . 3 s .8 £
; T =~} T Jon =t Z(3 2 Q
- . e - - s \ ols o ¢
Q H i it = \_," I -NE _ _ " E:a: 8w
— -— o~ w 1
- L o o & o0 1-2 . I \ En_ g g
LY | ’NE PR PP Z ) a 5 7)) %- %
_ el e 8
N Y A s 3 T loz 92 5 &
P s E NOILVHINIONOD , ! | © T "'UEJ 8(_9 5 'é §
e T 3 & — . loz °3 98 &
S - w© 3 S = EE
NOILVHLNIONOO L ) 18 Z 355
] C) o [/ | N:' 1 '_2' <= 0w Z2 2Z2
v'— T Q' e g ey 8 |
i 1w - 3 | 10 2 - - S - @
[ - ] E'u_ [ -""3_: = - E o g o | o
| - e jeuw g L 17 = NOILYHINIONO
L | i P} =
< - F 1 1M
n O | “"’2'\_ w é\
r ! -NE [ ot [ -NE ]
L o oo 1-20 ' 1 | TT1-3 - I
u " Zr ®© o 7,_2l ;
o i | % S PRI [ -
pd . b=y W s s <8 - - b4
A= °c s e - - 3 £ = N ————— -
| NOLLVHLNIONOD ° 3 NOLVHINIONOD | = -mg !
i | NOLLYHINIONOD J I o - 5 ' »
\ h ’ F 1 1=e= ul
- - -
oy - t 103 S
' . i 1ag 9]
o~ E I3 (=] o
' r °° 1= 1 © E
| s =) - - - 5-/\/ s
, j ° S 9
NOLLYHINIDNOD =
Q TR T X
g T 8 o
w0 F 1 {w I~
17 - o - |oE L ®
s P ) vg o
-ni' J VF ) 1o 3 < L
[} g 4
NE X J L ) {a S -
o 3 N o
< ° 12 oo -£ ~
= / l PR I 4 e 2 Y _
el PPN R
! 2 s ° -8 T 7T 5<% L
i o P
] NOILYHINIONOD NOILYHINIONOD -
2 o-Llo
v ’ )
\ |
o ©
< <+

Figure 18 .--State of Washington, county boundaries, and concentrations of selenium determined by 5 analytical methods for 12 soil

regions.
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Table 9.--Frequency distributions of metals concentrations in soils in Washington determined by the total and
total-recoverable methods

[N and L indicate that the null hypotheses that the data are distributed normally or log-normally could not be rejected at a
95 percent confidence level; (L) indicates that the null hypothesis could be rejected but the correlation coefficients and
graphical inspection of the plots demonstrate that the distributions are more nearly log-normal than normal; O indicates
that both null hypotheses could be rejected; -- signifies that hypothesis was not tested because concentrations were not
determined or too many were less than the laboratory's minimum reporting level]

Total method Total-recoverable method

Total Total

number of number of

samples/ samples/
Metal Distribution detects! Distribution detects!
Ag - 37/0 - 60/12
Al L 37/37 L 60/60
As L 37137 L 60/59
Au - 37/0 - 0/0
Ba N 37/37 - 0/0
Be - 37/34 N 60/60
Bi -- 37/0 -- 0/0
Ca L 37/37 - 0/0
Cd - 37/4 - 60/0
Ce O 37/37 - 0/0
Co L 37/37 - 0/0
Cr L) 37/37 (9 60/60
Cu L) 37/37 L) 60/60
Eu - 37/3 - 0/0
Fe L 37/37 L 60/60
Ga N 3137 - 0/0
Hg () 37/37 L 60/52
Ho - 37/0 - 0/0
K N 37/37 - 0/0
La L 37/37 - 0/0
Li 9 37137 - 0/0
Mg L 37137 - 0/0
Mn L 37/37 N 60/60
Mo - 3717 - 0/0
Na L) 37/37 - 0/0
Nb 0] 37/36 - 0/0
Nd L 37/37 - 0/0
Ni @) 37/37 L) 60/60
P @) 37/37 - 0/0
Pb ) 3737 N 60/60
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Table 9.--Frequency distributions of metals concentrations in soils in Washington determined by the total and

total-recoverable methods--Continued

Total method - v ethod
Total Total
number of number of
) samples/ samples/
Metal Distribution detects! Distribution detects!
Sb (L) 37/36 -- 60/0
Se L) 37129 -- 60/0
Sc L 37/37 - 0/0
Sn -- 37/0 -- 0/0
Sr N 37/37 -- 0/0
Ta -- 37/0 -- 0/0
Th (0] 37/36 - 0/0
Tl -- 0/0 - 60/21
Ti L 37/37 -- 0/0
U - 37/0 - 0/0
\'% L 37137 -- 0/0
Y L 37/37 -- 0/0
Yb L) 37/37 -- 0/0
Zn €L 37/37 L 60/60

! Detects are the number of samples with concentrations greater than laboratory minimum reporting level.

Comparison of Metal Concentrations Among
Regions

Concentrations of metals in the various regions were
compared to determine whether the regions are different
from one another or whether data in individual regions are
sufficiently similar so that regions can be grouped. If the
metals concentrations in the individual regions are statisti-
cally different from one another, then sets of data should
probably be developed and statistically analyzed sepa-
rately for each region to define baseline concentrations. If
not, then data sets from different regions could be grouped
and statistically analyzed to define baseline concentra-
tions, if geology and pedology support making such
groups.
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Kruskal-Wallis Test

The Kruskal-Wallis test, which is a non-parametric
one-way analysis of variance (see, for example, Iman and
Conover, 1983), was used to compare the mean ranks of
metal concentrations determined by the total and total-
recoverable methods in a region with the corresponding
mean ranks in other regions (at a 95 percent confidence
level). The test was performed separately for each metal.
The null hypothesis, that the population means of metals
concentrations in each of the 12 regions were equal with
one another, was rejected for all metals tested, except total
copper and manganese. However, this does not imply that
the population means of all metals tested for each region
are different from one another, nor does it indicate where
differences are located.



Fisher’s Least Significant Difference Test

To determine where differences are located among
the 12 population means for each metal, the Fisher’s Least
Significant Difference test was used (Iman and Conover,
1983). A test statistic was calculated for each metal from
the values generated by the analysis of variance of the
ranks. The mean ranks of the 12 regions were then com-
pared, and the test statistic was used to determine whether
the mean ranks, and therefore the concentrations of metals
in the regions, were similar (at a 95 percent confidence
level) (table 10). For illustrative purposes, table 10 shows
a comparison of concentrations of metals in region A with
those in the other regions, in which concentrations of met-
als are not significantly different from those in region A
(underlined values). The concentrations of metals deter-
mined by the total method in region A are similar to con-
centrations in all other regions, with the possible exception
of regions J and U, where 4 of 11 metals did not compare
well, and region P, where 7 of 11 metals did not compare
well. Concentrations of arsenic, copper, and manganese
for region A are similar to concentrations in each of the 11
other regions, and concentrations of lead and zinc are
similar to concentrations in 9 of the 11 other regions.

The total-recoverable metals concentrations are not
as similar among regions as the total metals concentrations
(table 10). Only concentrations of total-recoverable
arsenic and lead in region A are similar to concentrations
among other regions. The concentrations of total-recover-
able arsenic and lead for region A compare well with
concentrations from 10 of the 11 other regions. Concen-
trations of all metals in region A are similar to concentra-
tions in region F and to concentrations of 8 of 11 metals in
regions G and L. The association between regions A and
F is particularly strong and may result from the similar
nature of the parent material from which these soils were
derived and the similar climatic environment in which
these soils were developed.

A comparison of differences between the mean ranks
of metals for regions O, P, and R with the test statistic indi-
cates that concentrations of metals in these regions are
similar at least to one other. For example, the rank means
for total-recoverable beryllium of region O and region P
are not statistically different; likewise, the rank means
between region O and region R are not statistically differ-
ent; however, the rank means between regions P and R are
statistically different. The three regions are located adja-
cent to one another and are composed primarily of soils
that developed in fine wind blown sediments under fairly
similar climatic conditions.
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Cluster Analysis

Cluster analyses (see, for example, Kaufman and
Rousseeuw, 1990; and Romesburg, 1984) of total and
total-recoverable metals concentrations were also per-
formed so that data could be placed into distinct groups
without presupposition of existent regions. This analysis
was also performed with ranks of the data. Cluster analy-
sis is designed to classify data by assigning observations
into more or less homogeneous groups that are distinct
from other groups. Well-separated cases of the data were
chosen as cluster centers to which individual sites were
assigned to form distinct cluster groups.

Cluster analyses indicate that samples collected from
regions A and F and sites 4 and 5 from region D may be
combined into two distinct groups. One group consists of
sites that are located in an inner ring encompassing Puget
Sound (sites F3, F5, A2, A4, and D4). The remaining
sites, of regions A and F and site 5 from region D, com-
pose the other cluster group, which forms an outer ring in
the Puget Sound uplands.

Cluster analyses also indicate that samples from
regions O, P, and R may be placed into two distinct
groups. One cluster group consists of sites located in the
southern extent of region R and the southwestern extent of
region P (sites R1, R3, R4, RS, P4, and P5S). The other
cluster group consists of all sites located in region O and
the remaining sites in regions P and R (sites 01, 02, 03, 04,
05, P1, P2, P3, and R2).

Relations Among Metal Concentrations

Correlation coefficients and regression statistics
between total-recoverable and total metal concentrations
were calculated for those metals for which concentrations
were determined by both methods and for which concen-
trations were greater than the laboratory’s minimum
reporting level. The Spearman ranked correlation coeffi-
cients for 11 metals ranged from 4 to 70 percent (table 11).
For 7 of the 11 metals tested, total-recoverable metals con-
centrations correlated with the total metal concentrations
in the soil at a 95 percent confidence level. For the
remaining metals, the total and total-recoverable concen-
trations were statistically independent of one another.
Pearson correlation coefficients were calculated from
non-transformed data for the seven metals that displayed
significant Spearman ranked correlation coefficients. The
Pearson correlation coefficients ranged from 41 to 98 per-
cent and confirmed that for all of the seven metals tested,
including aluminum, arsenic, copper, chromium, iron,



Table 10.--Mean ranks of total and total-recoverable concentrations of selected metals in different soil regions in
Washington

[Values in parentheses are test statistics determined from an analysis of variance of the ranks, and underlined ranks are not
statistically different at the 95 percent confidence level from mean ranks for region A; n, number of samples used for
statistical calculation]

Mean ranks of concentrations from total method by soil region. n = 37

Metal A C D F G J L M O P R 0]
Al (132) 258 147 308 21.8 273 12.2 30.5 235 11.8 8.8 4.7 19.5
As (15.1) 19 340 24. 16 235 8.0 163 4.8 215 148 18.2 28.2
Be (12.5) 9.0 152 9.0 152 213 213 275 9.0 275 229 21.3 27.5
Cr (125) 28.0 312 323 23.2 17.0 10.8 27.0 18.3 173 5.4 10.0 12.0
Cu (183)! 242 147 172 257 238 243 253 207 180 19 163 137
Fe (142) 245 30 158 162 29.0 6.2 18.5 28.8 17.7 8.0 252 115
Hg (11.8) 305 345 263 248 197 105 7.0 21.8 140 70 163 195
Mn (16.5)! 180 290 102 262 247 167 213 265 165 110 237 70
Ni (12.0) 253 29.0 340 26. 147 115 275 137 19.8 3.6 15.5 12.0
Pb (14.4) 11. 26.2 8.0 110 25.0 21.0 252 108 233 120 220 34.5
Zn (14.1) 200 343 26 157 275 93 257 217 123 55 187 158

Me of concentration. total-recov 1 soil region, n = 60

Metal A C D F G J L M (0] P R U
Al 9.8) 554 40 384 49.0 45.0 16.6 40.9 38.3 17.4 28.8 8.0 24.2
As? (19.2) 344 233 359 215 362 203 26 162 422 257 310 550
Be (154) 365 3.0 220 33.0 45.1 17.6 41, 52.4 32.0 39.3 14.8 28.8
Cr (116) 506 149 487 47.1 36.7 26.1 48.0 35.2 19.9 13.9 4.7 20.2
Cu (159 493 3.0 220 47.0 433 268 347 418 329 24.3 14.5 26.4
Fe (15.2) 517 57 259 371.2 510 144 29.4 470 31.3 268 226 23.0
Hg3 (132) 544 222  46.0 49.0 40.7 26.4 19.9 33.6 37.3 26.5 22.0 16.9
Mn (16.8) 384 3.0 19.8 39.2 503 210 26.2 474 33.0 348 214 31.5
Ni (144) 396 83 502 53.0 371  23.7 38.7 36.5 314 16.1 11.2 20.2
Pb (17.4) 335 30 232 255 395 230 291 348 390 375 228 550
Zn (16.3) 45.1 32 343 38.0 49.5 21.2 44.2 33.2 25.1 23.4 15.0 338

! Test statistic probability of error greater than 10 percent.
2 n = 59; values below reporting limit not used in calculations of mean rank or test statistic.
3 n = 52; values below reporting limit not used in calculations of mean rank or test statistic.
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Table 11.--Correlation coefficients and regression statistics between total-recoverable concentrations and total

concentrations of selected metals in soils in Washington

[Rs, Spearman ranked correlation coefficient; Rp, Pearson correlation coefficient for goodness of fit for the regression
equations; a, regression coefficient (slope); b, regression coefficient (intercept); total-recoverable concentration = a x (total
concentration) + b; ratio, total:total-recoverable; underlined values demonstrate a significant correlation at a 95 percent

confidence level; -- indicates no value calculated]

Ratio

Standard
Element Rg Rp a b Mean deviation
Ag - - = - -- =
Al 68 71 0.87 -4.9 0.27 0.14
As 56 46 27 2 .59 .25
Be 4 - - - 42 .29
Ce - - - - - -
Cu 58 71 62 -8 .60 21
Cr 70 94 53 -22 .28 11
Fe 1 61 47 4 53 17
Hg! 58 41 12 2 32 23
Mn 27 - - - .58 23
Ni 65 98 .76 -7 .58 22
Pb 23 - -- -- .66 31
Sb - - - - - -
Se -- - - - - =
Zn 29 - - - 55 .19

Example: If total aluminum = 7.3 percent, then the estimated total-recoverable aluminum concentration equals

(0.87 X 7.3 percent) - 4.9 percent = 1.5 percent.

! Values for mercury do not include data for samples collected from region C.

mercury, and nickel, total-recoverable concentrations cor-
related with total metal concentrations at a 95 percent con-
fidence level. Therefore, the amount of these metals that
may ultimately be bioavailable is dependent upon total
concentrations in the silt and clay fractions of the soil. A
poor correlation between the total-recoverable and total
metals concentrations of beryllium, manganese, lead, and
zinc suggests that the form in which the metal was held--
within the mineral matrices, on various exchanger sites, or
in poorly crystalline to amorphous compounds--varied
among samples.

A dilution factor for silt- and clay-sized particles in
streambed sediments, described by Horowitz (1991), was
used to correct for particle-size differences between the
metals concentrations determined by the total method and
those determined by the total-recoverable method.
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Spearman ranked correlation coefficients were calculated
for the corrected total metals concentrations and the total-
recoverable metals concentrations (not shown). For all 11
metals tested, the correlation coefficients calculated for
the corrected total metals concentrations were less than
those calculated for the non-corrected total metals concen-
trations. This suggests that the bioavailability of metals in
soils does not depend upon the total metals concentrations
in coarser (sand) sized particles.

Table 11 also lists regression equation constants for
the same seven metals, as well as means and standard
deviations of the total-recoverable to total ratios for each
metal. The mean ratios range from 0.27 to 0.66, and there
are apparently no relations between the correlation coeffi-
cients and the mean ratios. The ratios between total-
recoverable and total values (not shown) also vary from



region to region. For example, in region C, the ratios for
both manganese and zinc approach 0, whereas in region F,
ratio values more nearly approach 1.0. Low total-recover-
able to total ratios suggest that most of the metal is held
within the mineral matrix and is only removed when
hydrofluoric acid is used during the total extraction pro-
cesses. Conversely, high total-recoverable to total ratios
suggest that a larger fraction of the metal is held on
exchanger sites or within poorly crystalline to amorphous
compounds and thus can be removed more readily by
weaker extraction procedures. Therefore, in region C,
most of the manganese and zinc are held within the min-
eral matrices, whereas in region F, where higher amounts
of organic carbon are available to adsorb the manganese or
zinc, more of these metals may be found sorbed as organic
chelates.

Relations Among Leachate

The ASTM, EP-TOX, and TCLP methods simulate
leaching processes in soils under extreme conditions.
Even though most metal concentrations in the leachates of
soil samples from this study were below laboratory mini-
mum reporting levels for all three methods, barium, and
less commonly aluminum, iron, mercury, and zinc, were
detected, and concentrations of these metals in the
leachate were always a factor of 100 or more less than
corresponding total or total-recoverable concentrations.

Spearman ranked correlation coefficients were calcu-
lated for barium, aluminum, iron, mercury, and zinc con-
centrations determined by the total or total-recoverable
methods and by the ASTM, EP-TOX, and TCLP methods
from 12 or fewer samples (results not shown). The only
significant correlation at a 95 percent confidence level was
for aluminum determined by the total-recoverable and
TCLP methods. Therefore, for those metals tested, the
readily soluble metals concentrations in these soils were
apparently not dependent upon metals concentrations in
the soil matrices.

Spearman ranked correlation coefficients were also
calculated for barium, aluminum, iron, mercury, and zinc
concentrations determined by the ASTM, EP-TOX, and
TCLP methods, and particle size and organic carbon, from
12 or fewer samples (results not shown). The concentra-
tions of most metals in the leachate did not significantly
correlate with particle size or organic carbon either. Only
concentrations of barium in the EP-TOX leachate signifi-
cantly correlated with the amount of fine particles in the
soil, and only concentrations of aluminum in the ASTM
leachate significantly correlated with the amount of
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organic carbon in the soil at a 95 percent confidence level.
Therefore, for those metals tested, concentrations in the
leachates are apparently not only independent of the con-
centrations of metals in the soil matrices, but also appear
to be independent of the exchange capacity of the soils
because the exchange capacity usually depends in part on
the amount of organic material and fine particles in the
soil.

Relations Between Metal Concentrations and
Other Chemical and Physical Soil
Characteristics

To gain further insight into factors that may affect the
distribution of metals in the soils, Spearman ranked corre-
lation coefficients between total or total-recoverable
metals concentrations and between organic carbon con-
centrations or size fractions of soil particles were com-
puted, and those pairs for which there is a 95 percent
confidence that a correlation exists are identified
(table 12).

Concentrations of most transition metals (specifi-
cally cobalt, copper, mercury, manganese, nickel, and
zinc) determined by the total method correlate with
organic carbon concentrations in the soil. Concentrations
of other metals determined by the total method, such as
aluminum, gallium, and phosphorus, likewise correlate
with the content of organic carbon. Bohn and others
(1985, p. 37) state, “Soil organic matter strongly adsorbs
Cu?*, Zn?*, Fe (Il and III), and other transition metal ions,
probably as chelates.” Therefore, it is likely that most
metals listed in table 12 that demonstrate positive correla-
tions with organic carbon are bound in part by organic
chelates.

Trace metals may be adsorbed to exchanger sites on
clays more preferentially than other cations (Kabata-
Pendias and Pendias, 1984). Therefore metals concentra-
tions will typically increase as the amount of material in
the fine (silt and clay) fraction of the soil sample increases.
In this study, total metals concentrations were determined
only in the fine fraction; therefore, this concept could not
be tested.

Unlike metals concentrations determined by the total
method, those determined by the total-recoverable method
for this study do not correlate with either organic carbon
content or the fraction of fines in a sample (results not
shown). Although organic carbon concentrations were
only determined for fine fractions of soil, these results are
surprising. They suggest that the metals concentrations



Table 12.--Correlation coefficients between concen-
trations of selected metals determined by the total
method and organic carbon concentration and amount
of silt and clay in soils in Washington

[Underlined values demonstrate a significant
correlation at a 95 percent confidence level]

Spearman ranked correlation
coefficients, in percent

Metal Organic carbon Silt and clay
Al 32 -47
As -6 -37
Ba -36 41
Co 31 -41
Cr 24 -41
Cu 44 -33
Fe 28 -54
Ga 40 -21
Hg 40 -11
K -42 38
Mn 41 -37
Ni 28 -41
P 55 -22
Sc 28 -53
Sr -20 36
Ti 20 -47
A% 25 -4
Zn 45 -10

determined by the total-recoverable method are not simply
dependent upon exchangeable metals concentrations, but
also depend on the partial digestion of the various mineral
phases present in the soils. Therefore, total-recoverable
metals concentrations will vary between samples collected
from soils that developed in different parent materials and
in turn will depend on more subtle differences among
different parent materials than metals concentrations
determined by the total method.

SUMMARY AND CONCLUSIONS

The objective of this study was to obtain data on the
magnitude and variability of background concentrations of
metals in soils in selected regions throughout the State of

Washington and then to determine whether differences
exist within or among selected regions. The State was ini-
tially divided into 24 regions, each with relatively uniform
soils. Five samples were collected from 5 sites in each of
12 of the regions (for a total of 60 samples). A sample col-
lected from a site consisted of a composite of five samples
collected within an area of 1 acre. Samples were primarily
taken from the B horizon at depths of 20 to 38 inches. The
soil samples were then analyzed to determine metal
concentrations as well as other chemical and physical
properties.

Concentrations of various metals in the soil samples
were determined by 5 different methods, a total (36 sam-
ples), a total-recoverable (60 samples), and 3 leaching
methods (12 samples). In each method, a liquid was
extracted from soil samples and was analyzed by atomic
absorption or inductively-coupled plasma spectrometry to
determine concentrations of metals. The differences
among the methods were primarily in the extraction proce-
dures and solvents used and secondly in the size of the
particles analyzed; differences in the methods for deter-
mining metals concentrations in the extracts are not
expected to affect the results greatly. The total method,
which uses strong acids that digest nearly all the solid
material, was used to determine 43 different metals in 3
samples from each region. The total-recoverable method,
which consists of a partial extraction of the solid material
by a mixture of strong acids, was used to determine con-
centrations of 16 different metals for all samples. One
sample from each region was also analyzed by three meth-
ods, ASTM (American Society for Testing and Materials,
method D3987-85), EP-TOX (method 1310; U.S. Envi-
ronmental Protection Agency, 1986), and TCLP (method
1311; U.S. Environmental Protection Agency, 1990a, b),
which simulated leaching conditions in soils. These meth-
ods were used to determine concentrations of 17 different
metals. U.S. Environmental Protection Agency’s inor-
ganic priority pollutants are of primary interest and, as a
result, were among the metals analyzed by every
laboratory method.

Concentrations of metals determined by the total
method are consistently greater and display less variability
than values determined by the four other methods. Con-
centrations of mercury and nickel determined by the total
method and of nickel, chromium, and copper determined
by the total-recoverable method have the greatest variabil-
ity statewide. Concentrations of zinc, lead, and arsenic
determined by the total and total-recoverable methods
vary the least. Particle-size distribution, carbon content,
and soil-solution pH are also highly variable. For exam-
ple, soils in regions O and P in the south-central and



southeastern parts of the State contain large amounts of silt
and clay-size particles, whereas samples collected in
region C on the west coast are primarily sand. Samples
collected west of the Cascade Range also commonly con-
tain greater amounts of organic carbon and are more acidic
than samples collected in eastern Washington.

Most metals concentrations determined by either the
total or total-recoverable method were sampled from pop-
ulations that are either log-normally distributed or more
nearly log-normally than normally distributed. Exceptions
were concentrations of barium, gallium, potassium, and
strontium determined by the total method, and concentra-
tions of beryllium, manganese, and lead determined by the
total-recoverable method that were sampled from
populations that are normally distributed.

Results of the Kruskal-Wallis test show that, with the
exceptions of copper and manganese concentrations deter-
mined by the total method, metals concentrations deter-
mined by either the total or the total-recoverable methods
were significantly different among the different regions.
However, this does not imply that the population means of
all metals tested for each region are unique, nor does this
statistical method indicate where differences of metals
concentrations among the 12 regions are located.

The Fisher’s Least Significant Difference test, used
to distinguish differences among the 12 population means
for each metal, showed that metals concentrations deter-
mined by the total method between many regions were not
statistically distinct. Yet significant differences, such as
those between region A and regions J and U, for which 4
of 11 metals tested were not statistically similar, do exist.
Concentrations of metals determined by the total-recover-
able method were not as similar among different regions
as total metals concentrations. However, strong similari-
ties exist between concentrations of total-recoverable met-
als in regions A and F and among concentrations of metals
in regions O, P, and R. Furthermore, cluster analysis sug-
gests that regions A, F, and part of D could be combined
into two distinct groups, which would form an inner and
outer ring of regions encircling Puget Sound. Cluster
analysis also showed that regions O, P, and R could be
combined to create two distinct regions in south-central
and southeastern Washington. Based on this information
and the results of the Kruskal-Wallis and Fisher’s Least
Significant Difference tests, further investigation could be
conducted to provide more definitive relations between
regions A and F and among regions O, P, and R.
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Total and total-recoverable concentrations of seven
metals (aluminum, arsenic, copper, chromium, iron, mer-
cury, and nickel) were significantly correlated at a 95 per-
cent confidence level. For these metals, Spearman ranked
correlation coefficients ranged from 51 to 70 percent, and
Pearson correlation coefficients ranged from 41 to 98
percent. Therefore, the bioavailability of these metals
depended on the total concentrations in the fine-sized frac-
tions of the soil. However, the form in which beryllium,
manganese, lead, and zinc were held within the soil appar-
ently varied too greatly to reach the same conclusion for
these metals.

Concentrations of six metals determined by the total
method correlated positively with organic carbon concen-
trations in the soil; a comparison between total metals
concentrations and the amount of fines could not be deter-
mined. Total-recoverable metal concentrations did not
correlate with either organic carbon content or amount of
fines, which suggests that total-recoverable concentrations
depend strongly upon the degree of partial digestion of
various mineral phases. Therefore, total-recoverable
metals concentrations reflect more subtle differences
among different parent materials than total metals
concentrations do.

Although the concentrations of most metals deter-
mined by the ASTM, EP-TOX, and TCLP methods were
below laboratory minimum reporting levels, concentra-
tions of barium, and less commonly aluminum, iron,
mercury, and zinc, were detected in the leachate. These
concentrations were always a factor of 100 or more less
than concentrations determined by the total or total-recov-
erable methods. Readily soluble metals concentrations in
the soils were apparently not dependent upon metals
concentrations in the soils matrices or on the amount of
organic material and fine particles in the soil. However,
the analytical precision of these methods is poor, and the
concentrations did not correlate well with concentrations
determined by the total or total-recoverable method or
with the amount of fines or organic carbon in the soil. As
a result, estimations of baseline concentrations of metals
determined by the ASTM, EP-TOX, and TCLP methods
for this study are much less accurate than estimations of
baseline concentrations of metals determined by the total
and total-recoverable methods.

Finally, this study provides a good foundation from
which future studies may develop. Benefits of regional-
ized studies, as well as benefits from the implementation
of additional analytical tools, more complete inferences
may be made from the various mechanisms driving the
chemistry in the soils.
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Table Al.--Concentrations of metals in soils in Washington determined by the total method

[Concentrations are in milligrams per kilogram (except values for Al, Ca, Fe, K, Mg, Na, P, and Ti, which are given
in percent); <, less than; (dup), duplicate of preceding sample]

Sample

number

(fig. 2) Ag Al As Au Ba Be Bi Ca Cd Ce Co
A2 <2 100 6.4 <8 330 <1 <10 04 <2 20 8
A3 <2 9.0 3.8 <8 340 1 <10 1.6 <2 65 48
AS <2 1.5 7.6 <8 540 1 <10 N <2 54 14
A6(dup) <2 8.9 11. <8 530 1 <10 6 <2 62 13
Ci <2 6.7 9.1 <8 360 1 <10 23 <2 49 35
C3 <2 8.1 13. <8 510 1 <10 2.8 <2 63 28
C4 <2 8.0 20. <8 480 2 <10 33 <2 81 33
D1 < 8.3 39 <8 580 1 <10 1.5 <2 70 17
D4 <2 9.3 8.2 <8 700 1 <10 1.6 <2 52 19
D5 <2 10.0 13. <8 670 1 <10 .8 <2 64 21
F1 <2 11.0 54 <8 570 2 <10 1.8 <2 67 19
F2 <2 8.2 4.9 <8 330 1 <10 1.1 <2 42 12
F6(dup) <2 8.1 4.7 <8 330 1 <10 1.1 <2 41 12
F5 <2 7.0 6. <8 300 <1 <10 1.8 <2 26 47
Gl <2 10.0 55 <8 670 2 <10 1.0 <2 65 27
G4 <2 9.2 8.5 <8 590 1 <10 9 6 59 24
G5 <2 7.7 6.5 <8 690 2 <10 .8 <2 73 16
12 <2 7.1 1.5 <8 750 1 <10 1.8 <2 50 8
J3 <2 7.8 53 <8 920 2 <10 2.0 <2 100 16
J5 <4 73 2.2 <20 870 <2 <20 2.0 <4 69 10
L1 <2 9.9 .8 <8 550 2 <10 23 <2 40 26
L2 <2 9.2 13. <8 630 2 <10 1.7 <2 52 18
L4 <2 8.8 5. <8 710 2 <10 2.0 5 57 14
L6(dup) <2 8.7 53 <8 690 2 <10 20 <2 55 14
Mi <2 8.3 1.9 <8 520 1 <10 2.7 <2 41 23
M2 <2 8.3 24 <8 470 1 <10 2.1 <2 40 26
M4 <2 79 2.1 <8 510 1 <10 26 <2 45 18
02 <2 7.0 72 <8 660 2 <10 55 << 82 16
03 <2 77 5.1 <8 610 2 <10 3.7 <2 57 16
04 <2 75 6.6 <8 650 2 <10 39 <2 72 23
P2 <2 7.0 4.8 <8 650 2 <10 1.9 <2 71 15
P3 <2 7.5 39 <8 670 2 <10 1.7 <2 64 14
P6(dup) <2 75 39 <8 670 2 <10 1.7 <2 65 14
P4 <2 7.3 10. <8 700 2 <10 1.7 <2 49 10
PS5 <2 7.0 2.1 <8 680 1 <10 1.7 <2 52 10



Table Al.--Concentrations of metals in soils in Washington determined by the total method--Continued

Sample

number Ag Al As Au Ba Be Bi Ca Cd Ce Co

R1 <2 6.9 8.1 <8 710 2 <10 3.0 <2 93 41
R3 <2 7.2 34 <8 660 2 <10 1.9 <2 72 12

R4 <2 6.8 55 <8 580 1 <10 3.7 <2 110 22

Ul <2 7.9 16. <8 670 2 <10 1.3 < 64 13

U2 <2 8.3 6.6 <8 650 2 <10 1.3 <2 69 12
uUs <2 7.5 7.1 <8 780 2 <10 1.5 <2 84 11
RS1 <2 77 43 <8 480 <1 <10 1.8 <2 40 13
RS(dup) <2 7.8 43 <8 490 <1 <10 1.8 <2 40 13
Sample

number Cr Cu Eu Fe Ga Hg Ho K La Li Mg Mn
A2 100 29 <2 52 23 0.16 <4 09 28 40 0.7 410
A3 170 120 2 8.8 23 22 <4 6 27 25 20 1,500
AS 83 28 <2 4.1 18 20 <4 1.1 28 31 .6 680
A6(dup) 79 32 <2 52 21 .14 <4 1.0 28 34 7 650
C1 160 42 <2 6.1 16 5.9 <4 1.1 24 43 23 1,300
C3 120 23 <2 59 20 6. <4 1.4 33 37 1.6 820
C4 150 27 2 6.9 23 .20 <4 1.0 42 25 1.6 800
D1 140 13 <2 34 21 .06 <4 1.0 40 36 9 550
D4 130 28 <2 39 23 .10 <4 1.7 29 36 1.4 580
D5 340 68 <2 6.0 23 38 <4 1.4 28 62 20 690
F1 99 53 <2 52 28 .26 <4 1.1 27 52 1.2 740
F2 50 30 <2 3.0 18 .08 <4 .5 20 20 .6 1,400
F6(dup) 51 31 <2 3.0 18 .10 <4 5 20 19 .6 1,400
F5 540 29 <2 49 12 .06 <4 .6 15 29 35 750
Gl 81 39 2 8.8 27 .06 <4 9 35 24 9 1,100
G4 59 49 <2 58 21 .08 <4 1.2 29 25 .8 970
G5 64 27 <2 54 20 .06 <4 1.7 39 24 .8 620
J2 42 30 <2 25 17 .06 <4 1.8 30 27 .6 630
J3 84 31 <2 4.1 20 .04 <4 22 60 31 1.1 780
J5 49 30 <4 2.5 10 .04 <4 1.8 41 24 6 670
L1 260 53 <2 54 26 .04 <4 1.8 26 89 2.1 910
L2 96 33 <2 4.1 24 .04 <4 23 31 49 1.2 720
L4 78 28 <2 4.1 21 .04 <4 1.8 35 38 1.1 670
L6(dup) 67 30 <2 4.1 21 .06 <4 1.7 33 39 1.1 680
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Table Al.--Concentrations of metals in soils in Washington determined by the total method--Continued

Sample

number

(fig. 2) Cr Cu Eu Fe Ga Hg Ho K La Li Mg Mn
Ml 61 28 <2 7.7 21 0.08 <4 1.1 26 27 1.1 750
M2 120 44 <2 7.4 21 .08 <4 1.0 26 30 1.2 1,000
M4 57 28 <2 4.6 19 .06 <4 1.2 28 22 1.0 790
02 77 27 <2 38 17 .04 <4 1.7 47 33 1.5 640
o3 68 30 <2 4.3 19 .06 <4 1.6 35 31 1.2 600
04 61 29 <2 5.7 20 .06 <4 1.6 40 29 1.6 860
P2 53 28 <2 4.0 17 .04 <4 1.7 40 26 8 690
P3 56 27 <2 4.0 18 .04 <4 1.6 36 28 8 670
P6(dup) 54 25 <2 4.0 18 .04 <4 1.7 39 27 .8 670
P4 28 22 <2 2.8 18 .04 <4 1.6 27 27 .6 560
P5 34 23 <2 2.8 16 .04 <4 1.7 29 26 v 550
R1 55 85 <2 9.3 20 .68 <4 1.6 44 26 20 1,600
R3 42 26 <2 3.8 16 .04 <4 1.7 42 27 1.0 550
R4 68 24 <2 6.0 18 .04 <4 14 61 22 1.6 940
Ul 56 26 <2 4.6 20 .10 <4 2.2 39 36 1.0 560
U2 50 37 <2 3.8 19 .08 <4 1.8 40 49 15 640
Us 69 24 <2 33 17 .04 <4 23 50 35 1.0 540
RS1 120 21 <2 32 16 12 <4 9 19 17 8 560
RS2 110 19 <2 32 16 12 <4 9 19 17 .8 570
Sample

number

(fig. 2) Mo Na Nb Nd Ni P Pb Sb Se Sc Sn
A2 2 6.2 10 23 33 0.04 13 13 1.2 18 <5

A3 2 1.0 13 33 76 17 4 1.0 1.2 34 <5

AS <2 1.0 13 22 24 .08 10 14 2 14 <5
A6(dup) <2 .8 16 21 24 .08 11 1.2 3 17 <5

Cl <2 2.0 10 28 62 .10 12 1.3 3 23 <5

C3 <2 2.2 12 37 55 12 15 14 4 21 <5

C4 2 2.0 10 48 34 17 15 19 3 34 <5

D1 <2 2.3 7 34 66 .06 11 1.3 2 11 <5

D4 <2 1.8 7 25 73 .09 9 1.7 1 15 <5

D5 <2 1.2 5 28 120 17 7 3.8 v 24 <5

F1 <3 2.2 10 24 49 13 14 14 4 18 <5

F2 <2 .9 6 19 23 47 8 1.2 5 11 <5
F6(dup) <2 9 5 19 21 47 8 1.0 4 11 <5

F5 <2 2.2 <4 16 470 .02 5 1.1 1 18 <5
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Table Al.--Concentrations of metals in soils in Washington determined by the total method--Continued

Sample

number

(fig. 2) Mo Na Nb Nd Ni P Pb Sb Se Sc Sn

G1 2 09 13 42 27 0.18 12 1.3 03 34 <5

G4 2 1.1 10 25 22 .19 14 1.5 2 18 <5

G5 <2 12 12 35 23 A1 15 1.6 3 18 <5

J2 <2 23 7 25 12 .10 12 7 1.0 10 <5

I3 <2 2.1 14 47 30 .14 17 1.7 1 14 <5

J5 <4 23 10 35 20 .10 10 12 <1 9 <10

L1 <2 1.7 4 27 70 11 13 .6 1 24 <5

L2 <22 1.6 9 29 36 13 16 1.6 2 15 <5

L4 <2 2.0 7 30 30 .10 12 1.0 1 16 <5

L6(dup) <2 1.9 8 32 32 .10 11 1.1 .1 16 <5

M1 <2 1.5 8 27 15 .14 10 8 1 38 <5

M2 <2 1.2 8 28 48 .14 7 8 2 34 <5

M4 <2 2.0 7 29 20 11 12 .8 <1 17 <5

02 <2 1.6 9 41 28 .10 15 1.6 <1 13 <5

03 <2 1.6 7 33 28 .09 11 1.2 1 16 <5

04 <2 1.6 10 39 27 13 14 1.7 1 20 <5

P2 <2 1.8 6 36 18 .14 11 12 1 14 <5

P3 2 1.7 8 33 16 12 10 1.1 .1 14 <5

P6(dup) <2 1.7 9 36 16 13 11 1.2 .1 14 <5

P4 <2 22 7 26 11 12 11 iy <1 11 <5

P5 2 2.2 6 27 11 .10 10 1.0 <1 10 <5

R1 <2 1.3 14 42 32 .21 36 3.8 <1 27 <5

R3 <2 2.0 8 37 18 .08 10 .8 <1 13 <5

R4 <2 1.8 11 55 24 13 12 1.5 1 20 <5

U1l <2 13 10 36 20 .08 20 19 1 16 <5

U2 <2 1.3 8 36 24 .05 21 1.3 1 14 <5

Us <2 1.7 12 38 21 .08 16 1.2 <.1 12 <5

RS1 <2 2.0 4 18 45 11 8 12 3 13 <5

RS(dup) <2 2.1 5 20 44 A1 7 1.3 3 13 <5

Sample

number

(fig. 2) Sr Ta Th Ti U \'% Y Yb Zn
A2 92 <40 11 0.68 <100 150 12 1 80
A3 180 <40 5 1.20 <100 270 35 3 100
AS 150 <40 9 a7 <100 130 10 1 95
A6(dup) 130 <40 9 .84 <100 160 10 1 96
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Table Al.--Concentrations of metals in soils in Washington determined by the total method--Continued

Sample

number

(fig. 2) Sr Ta Th Ti U A% Y Yb Zn
Cl 230 <40 6 0.68 <100 170 23 2 280
C3 320 <40 7 72 <100 160 27 3 140
C4 300 <40 8 1.20 <100 370 44 4 130
D1 310 <40 10 .51 <100 99 14 1 110
D4 350 <40 9 43 <100 120 14 1 89
D5 120 <40 10 .67 <100 210 27 3 130
F1 280 <40 7 72 <100 140 19 2 120
F2 170 <40 6 .34 <100 71 16 2 76
F6(dup) 170 <40 6 35 <100 73 16 2 77
F5 150 <40 5 46 <100 130 13 1 69
Gl 170 <40 11 1.30 <100 270 36 4 130
G4 180 <40 8 .90 <100 180 17 2 120
G5 190 <40 12 .87 <100 170 18 2 94
n 350 <40 8 .33 <100 57 22 2 67
13 450 <40 16 .49 <100 110 24 3 93
J5 460 <80 8 34 <200 60 21 2 65
L1 320 <40 7 .53 <100 170 22 2 160
L2 360 <40 9 48 <100 100 21 2 110
L4 390 <40 10 51 <100 110 22 2 82
L6(dup) 380 <40 10 .50 <100 110 22 2 82
M1 270 <40 5 .92 <100 210 30 3 97
M2 200 <40 7 .78 <100 210 36 4 110
M4 330 <40 6 .66 <100 130 21 2 81
02 330 <40 13 A48 <100 110 21 2 70
03 300 <40 9 .53 <100 110 22 2 76
04 300 <40 10 .86 <100 190 25 3 88
P2 270 <40 10 .57 <100 100 23 2 73
P3 280 <40 10 57 <100 100 23 2 72
P6(dup) 280 <40 10 .59 <100 100 23 2 69
P4 290 <40 7 42 <100 66 23 3 63
P5 290 <40 7 42 <100 69 20 2 61
R1 240 <40 12 1.20 <100 250 38 4 180
R3 300 <40 10 .53 <100 98 23 2 66
R4 330 <40 17 .89 <100 190 25 3 84
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Table Al.--Concentrations of metals in soils in Washington determined by the total method--Continued

Sample

number

(fig. 2) Sr Ta Th Ti 8) v Y Yb Zn
Ul 230 <40 14 0.60 <100 110 23 2 96
U2 220 <40 11 49 <100 81 26 3 86
U5 350 <40 14 .39 <100 77 23 2 70
RS1 270 <40 5 45 <100 98 15 2 53
RS(dup) 270 <40 5 45 <100 99 16 2 54
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods

[Concentrations are in milligrams per kilogram of dry soil, except total and total- recoverable values for iron and aluminum,
which are given in percent, and values in parentheses, which are given in milligrams per liter of leachate; <, less than; >, greater
than; --, no data; *, estimated value; +, detected in blank; (dup), duplicate of preceding sample; ASTM, American Society for
Testing Materials method D3987-85; EP-TOX, Extraction Procedure-Toxicity test; TCLP, Toxicity Characteristic Leaching
Procedure]

__Silver
Sample Total
number Totat recoverable ASTM EP-TOX TCLP
Al -- <0.2 -- -- -- -- -- -
A2 <2 <2 <0.04 (<0.002) <0.04 (<0.002) <0.04 (<0.002)
A3 <2 <2 -- -- - -- -- --
Ad -- <2 -- -- -- -- -- -
AS <2 <2 -- -- - - - -
A6(dup) <2 <2 -- -- - -- -- -
Cl1 <2 <2 -- -- - -- -- -
Cc2 -- <2 -- - - - -- -
c3 <2 <2 -- - -- -- - -
C4 <2 <2 -- -- - -- -- -
CS5 - <2 <.04 (<.002) <.04 (<.002) <.04 (<.002)
D1 <2 <2 <.04 (<.002) <.04 (<.002) <.04 (<.002)
D2 -- <2 - -- - - -- --
D3 -- <2 - - -- -- -- --
D4 <2 <2 -- - -- -- -- --
D5 <2 34* -- -- -- -- -- --
F1 <2 <2 <.04 (<.002) <.04 (<.002) <.04 (<.002)
F2 <2 <2 -- -- -- -- - --
F6(dup) <2 <2 -- -- -- - -- --
F3 -- <2 -- -- -- -- -- -
F4 -- <2 -- - -- - -- -
FS <2 <2 -- -- - - -- --
Gl <2 <2 -- - -- -- - -
G2 -- <2 -- - -- -- - --
G3 - <2 - - - -- -- --
G4 <2 <2 - - - -- -- -
GS <2 <2 <.04 (<.002) <.04 (<.002) <04 (<.002)
n -- 31* - -- - -- -- --
)2 <2 <2 - - -- -- -- -
)3 <2 <2 <.04 (<.002) <.04 (<.002) <.04 (<.002)
J4 -- <2 -- -- -- -- -- -
)5 <4 <2 -- -- -- -- - -
L1 <2 0.29* -- - -- -- -- --
L2 <2 <2 - -- -- - -- -
L3 - <2 -- -- - - - -
L4 <2 <2 <.04 (<.002) <04 (<.002) <.04 (<.002)
L6(dup) <2 <2 <.04 (<.002) <.04 (<.002) <04 (<.002)
LS - <2 - -- -- - - --
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Silver
Sample Total
number Total recoverable ASTM EP-TOX TCLP
Ml <2 0.58* -- - -- - -- --
M2 <2 .58* - - - - -- -
M3 -- 24* - -- -- -- -- -
M4 <2 35* <0.04 (<0.002) <0.04 (<0.002) <0.04 (<0.002)
M5 -- .39* -- -- - - - -
01 -- <2 - - -- -- -- -
02 <2 <2 <.04 (<.002) <.04 (<.002) <.04 (<.002)
03 <2 <2 -- -- - -- -- --
04 <2 25% - - - -- - -
05 -- <2 - - -- -- -- -
P1 - A41* - - -- - - -
P2 <2 <2 - - - - - -
P3 < J32* - - - -- -- -
P6(dup) <2 <2 -- - -- - - --
P4 <2 <2 <04 (<.002) <.04 (<.002) <.04 (<.002)
P5 < <2 -- - -- - -- --
R1 <2 <2 <.04 (<.002) <.04 (<.002) <.04 <.002)
R2 -- 25% -- -- -- -- -- --
R3 <2 <2 -- -- - -- - -
R4 <2 <2 -- -- -- -- -- --
R6(dup) -- <2 -- - -- -- -- -
RS -- <2 -- -- - - -- --
Ul <2 <2 <.04 (<.002) <.04 (<.002) <.04 (<.002)
U2 <2 <2 - -- - -- -- --
U3 - <2 - - -- - - -
U6(dup) - <2 -- -- - -- -- --
U4 -- <2 - -- -- -- -- --
uUs <2 <2 -- - -- - -- --
RS1 <2 <2 <.04 (<.002) <.04 (<.002) <04 (<.002)
RS(dup) <2 <2 - - - -- -- -
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Aluminum

Sample Total
number Total recoverable ASTM EP-TOX TCLP

Al - 5.4 - - - -
A2 10.0 5.1 2.2 (0.11) <10 (<0.05) 47.0 (2.35)
A3 9.0 52 - - - - - -
Ad - 2.9 - - - - - -
AS 75 3.8 - - - - - -
A6(dup) 8.9 43 - - - - - -

Cl1 6.7 7
C2 -- 7
C3 8.1 .6 - -- - -- -- -
Cc4 8.0 6
C5 -- 7

D1 8.3 2.2 2.4 (12) 1.5 (.08) 143 (72)
D2 - 17 - - - - - -
D3 - 1.6 - - - . - -
D4 9.3 2.5 - - . - - -
D5 10.0 46 - - - - - -

FI 11.0 3.8 3.6 (18) <1.0 (<.05) 232
F2 8.2 4.0 - - - - -

F6(dup) 8.1 3.7 - - - - - -
3 - 2.9 - - - - - -
F4 - 3.0 - - - - - -
F5 7.0 2.4 - - - - - -

Gl 10.0 47 - - - - - -
G2 - 1.8 - - - - - -
G3 - 1.9 - - - - - -
G4 9.2 40 - - - - - -
G5 7.7 34 <1.0 (<.05) <1.0 (<.05) 6.4 (.32)

J1 -- 2.0 - -- -- -- -- -
12 7.1 1.3 -- -
I3 7.8 9 L5 (.08) <1.0 (<.05) 14 on
J4 - .8 - - - - - --
I5 73 1.0 - -- - -- - -

L1 9.9 2.6 - - - - - -
L2 9.2 2.6 - - - - - -
L3 - 29 - - -
L4 8.8 17 19 10) <1.0 (<.05) <1.0 (<.05)
L6(dup) 8.7 17 12 (.06) <1.0 (<.05) 1.1 (.06)
LS - 2.1 - - - - - -

M1 8.3 2.8 - - - - - -
M2 8.3 2.6 - - - - - -
M3 - 1.6 - - - - - -
M4 79 2.0 <1.0 (<.05) <1.0 (<.05) 3.0 (.15)
M5 - 2.6 - - - - - -
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Aluminum
Sample Total
number Total recoverable AST™M EP-TOX TCLP
o1 - 11 - - - - - -
02 7.0 14 <1.0 (<0.05) 23.8 (0.119) 16.4 (0.82)
o3 7.7 1.5 - - - - - -
04 7.5 1.2 - - - - - -
05 - 1.2 - - - - - -
P1 -- 1.9 -- -- - - - -
P2 70 1.5 -- -- - - - -
P3 7.5 23 -- - - - - -
P6(dup) 15 20 - -- - - - -
P4 73 15 3.1 (.15) <1.0 (<.05) 2.1 (.11)
PS5 7.0 1.5 - -- - - - -
R1 6.9 6 33 1 <1.0 (<.05) 11.5 (.58)
R2 - 7 -- - - - - -
R3 7.2 1.0 - - - - -
R4 6.8 9 - - - - - -
Ré6(dup) - 9 -- - - - - -
RS - 8 - -- -- - - -
Ul 79 1.3 1.1 (.05) <1.0 (<.05) 53 27
U2 83 2.1 -- -- - - - -
U3 - 1.6 - -- - - - -
U6(dup) - 1.7 - -- - - -- -
U4 - 1.3 -- - -- - - -
us 1.5 14 - - -- - - -
RS1 1.7 1.6 <1.0 (<.05) 1.2 (.06) 114 (.52)
RS(dup) 7.8 1.6 - - - - - -
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Arsenic

Sample Total
number Total recoverable ASTM EP-TOX TCLP

Al - 46 - - - -
A2 6.4 35 <0.6 (<0.03) <06  (<0.03) <0.6 (<0.03)
A3 38 19 - - - - - -
Ad - 1.8 - - - - - -
AS 16 8.1 - - - - - -
A6(dup) 11 8.4 - - - - - -

Cl 9.1 29 - - - - - -
Cc2 - 2.8 -- -- -- - - -
C3 13 1.8 - - - - - -
C4 20 1.7 - - -- - - -
C5 - 23 <.6 (<.03) <.6 (<.03) <.6 (<.03)

D1 39 2.8 <6 (<.03) <6 (<.03) <6 (<.03)
D2 - 19 - - - - - -
D3 - 2.6 - - - - - -
D4 8.2 47 - - - - - -
D5 13 9 - - - - - -

Fi 5.4 1.2 <6 (<.03) <6 (<.03) <6 (<.03)
F2 49 2 - - - - - -
F6(dup) 4.7 3.3 - - - - - -
F4 - 49 - - - - - -
F5 6 42 - - - - -

Gl 5.5 29 - -- - - - -
G2 - 1.5 - -- - -- - -
G3 -- 28 - -- -- -- -- --
G4 8.5 55 -- - -- - - --
G5 6.5 6.9 <6 (<.03) <.6 (<.03) <.6 (<.03)

)| - 53 - -- - - - -
R 1.5 1.1 -- - -- - - -
13 53 29 <.6 (<.03) <6 (<.03) <.6 (<.03)
J4 - 1.1 -- -- - - - -
J5 2.2 1.4 - - - - -- -

L1 8 <5 -- - -- -- -- -
L2 13 7.2 -- -- - -- - -
L3 - 14 - -- -- -- -- -
L4 5 23 <.6 (<.03) <.6 (<.03) <.6 (<.03)
L6(dup) 53 2.1 <6 (<.03) <.6 (<.03) <6 (<.03)
LS - >.5 -- -- - -- - --
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Arsenic
Sample Total
number Total recoverable ASTM EP-TOX TCLP
Ml 1.9 1 -- - - - - .
M2 24 1.1 - - - - - -
M3 - 3 - - - - -- -
M4 2.1 2.1 <0.6 (<0.03) <0.6 (<0.03) <0.6 (<0.03)
M5 - 1.8 -- - -- - - -
01 - 38 -- - - - - -
02 1.2 5.5 1.6 (.08) 1.6 (.08) 23 (12)
03 5.1 3.6 - - - - - -
04 6.6 5 - - - - -- -
(0)] -- 32 - - - - -- -
P1 - 4.1 -- - - - - -
P2 4.8 3.7 - - - - - =
P3 3.9 2.6 - - - - - -
P6(dup) 39 23 - - - - - -
P4 10 12 <.6 (<.03) <.6 (<.03) <.6 (<.03)
P5 2.1 1.5 - - - - - -
R1 8.1 1.4 <.6 (<.03) <.6 (<.03) <.6 (<.03)
R2 - 3.7 -- -- -- - - --
R3 34 2.6 - -- - - - -
R4 5.5 25 - - - - - -
R6(dup) - 2.5 - -- -- - - -
R5 - 6.1 - - - - - -
Ul 16 9.4 <.6 (<.03) <.6 (<.03) <.6 (<.03)
U2 6.6 58 - - - - - -
U3 -- 57 - - - - - --
Ué6(dup) -- 6.1 -- - - - - -
U4 - 8.8 - - - - - -
us 7.1 6.2 -- -- - - - -
RS1 43 2.5 <.6 (<.03) <.6 (<.03) <.6 (<.03)
RS(dup) 43 2.7 -- - - - - -
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Barium

Sample Total
number Total recoverable ASTM EP-TOX TCLP

Al - - - - - - - -
A2 330 - 0.2 (0.01) 0.8 (0.04) 7.0 (0.35)
A3 340 - - - - -

A4 - - - - - - - -

AS 540 - - - - - - -
A6(dup) 530 - - - - - - -

cl 360 - - - - - - -
c2 - - - - - - - -
c3 510 - - - - - - -
c4 480 - - - - -
cs - - 3 (02) 8 (.04) 3.0 (15)

D1 580 - 4 (.02) 1.8 (.09) 79 (39)
D2 - - - - - - - -
D3 - - - - - - - -
D4 700 - - - - - - -
DS 670 - - - - - - -

Fl 570 - 2 (01) 15 (.08) 12.3 (.62)
F2 330 - - - - - - -
Fé(dup) 330 - - - - - - -
F3 - - - - - - - -
F4 - - - - - - - -
FS 300 - - - - - - -

Gl 670 - - - - - - -
G2 - - - - - - - -
G3 - - - - - - - -
G4 590 - - - - -
G5 690 - 7 (.03) 14 07 19.1 (.96)

1 - - - - - - - -

12 750 - - - - - - -
13 920 - 1.2 (.06) 20 (.10) 8.3 (41)

J4 - -- - -- - - - -

15 870 - - -- - - - -

L1 550 - - - - - - -
L2 630 - - - - - - -
L3 - - - -
L4 710 - 1 (.01) 9 (.05) 10.1 (.51
L6(dup) 690 - 1.8 (09) 6 (.03) 103 (.51)
LS -

M2 470 - - - - - - -
M3 - - - - - -
M4 510 - 4 (02) 2.6 (13) 121 (.60)
M5 - - - - - - - -

72



Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Barium

Sample Total
number Total recoverable ASTM EP-TOX TCLP

o1 - - - - - - - -
02 660 - 0.8 (0.04) 18.1 0.91) 183 ©.91)
03 610 - - - - - - -
04 650 - - - - - - -
05 - - - - - - - -

Pl - - - - - - - -
P2 650 - - - - - - -
P3 670 - - - - - - -
P6(dup) 670 - - - - - -
P4 700 - 24 (12) 3.0 (15) 14.6 (73)
P5 680 - - - - - - -

R1 710 - 3 (.02) 1.0 (.05) 59 (.29)
R2 - - - -

R3 660 - - - - - - -

R4 580 - - - - - - -
R6(dup) - - - - - - - -

RS - - - - - - - -

Ul 670 - 7 .04) 8 (.04) 14.5 (.72)
U2 650 - - - - - - -
U3 - -- -- - - - - --
U6(dup) - - -- -- -- - - -
U4 - - - -- -- - - -
us 780 - - -- -- - - -

RS1 480 -- 6 (.03) 1.0 (.05) 15.6 (78)
RS(dup) 490 - - -- -- - - -
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Sample Total
number Total recoverable ASTM EP-TOX TCLP

Al - 0.

5 - - - - - -
A2 <1 4 <04 (<0.02) <04  (<0.02) <04 (<0.02)
A3 1 7 - - - - - -
Ad - R - - - - - -
AS 1 9 - - - - - -
A6(dup) 1 9 - - - - - -

C1 1
C2 -
C3 1
C4 2
C5 -
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Beryllium
Sample Total
number Total recoverable ASTM EP-TOX TCLP
01 -- 0.5 - - - - -- --
02 2 6 <0.4 (<0.02) <0.4 (<0.02) <0.4 (<0.02)
03 2 6 - - - - - --
04 2 T - - - - - --
05 - 4 - - - - - --
P1 -- 8 -- - - - - -
P2 2 5 -- - - - - -
P3 2 8 -- - - - -- -
P6(dup) 2 7 - - - - - -
P4 2 6 <4 (<.02) <4 (<.02) <4 (<.02)
P5 1 5 - - - - -- -
R1 2 3 <4 (<.02) <4 (<.02) <4 (<.02)
R2 - 4 - - - - - -
R3 2 5 - - - - - -
R4 1 3 - - - - - -
R6(dup) -- 2 - -- - - - -
RS -- 3 - - - - - --
Ul 2 .5 <4 (<.02) <4 (<02) <4 (<.02)
U2 2 6 - - - - -- --
U3 -- 5 - - - - - -
"U6(dup) - .6 - - - - - -
U4 - 5 - - - - - -
Us 2 S5 - - - - - -
RS1 <1 1 <4 (<.02) <4 (<.02) <4 (<.02)
RS(dup) <1 1 - - - -- - -
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Cadmiym
Sample Total
number Total recoverable ASTM EP-TOX TCLP
Al - <0.2* - - -- -- -- --
A2 <2 <.2* 0.05* (0.003) <0.04 (<0.002) <0.04 (<0.002)
A3 <2 <.2% - -- - - - -
A4 - <.2%* - - - - -- --
AS <2 <.2* - - - - - -
A6(dup) <2 <.2* -- - - - - -
C1 <2 <.2% - - - - - -
C2 - <.2* - - - - - -
C3 <2 <.2* - - - - - -
C4 2 <.2% -- - - -- - -
Cs - <.2* <.04 (<.002) <.04 (<.002) <.04 (<.002)
D1 2 <.2* <.04 (<.002) <.04 (<.002) <04 (<.002)
D2 - <.2¥ - - - - - -
D3 - <.2* - - - - - -
D4 <2 <.2* - - -- - - -
D5 <2 <.2* -- -- -- - - -
F1 <2 <.2% <04 (<.002) <.04 (<.002) <.04 (<.002)
F2 <2 <.2* - - - - -- -
F6(dup) <2 <.2% -- -- - - - -
F3 - <.2* -- - -- - - -
F4 - <.2* -- -- -- - -- --
F5 <2 <.2%* -- -- -- - -- --
Gl <2 <.2* - - - - - -
G2 -- <.2* - -- - - - --
G3 -- <2* - - -- - - --
G4 6 <.2* - - - - - -
G5 <2 <.2%* <04 (<.002) <.04 (<.002) <.04 (<.002)
J1 - <.2* -- - - - - --
2 <2 <.2% - - - - - -
I3 <2 <.2% <.04 (<.002) <.04 (<.002) <.04 (<.002)
J4 - <2¥ -- - -- - - -
J5 <4 <.2* - -- - - - -
L1 <2 <2* - - -- - - -
L2 <2 <.2* - - - - - -
L3 - <.2* - - - -- - -
L4 5 <.2% .04* (.002) <.04 (<.002) <.04 (<.002)
L6(dup) <2 <.2* <.04 (<.002) <04 (<.002) <04 (<.002)
Ls - <2* - - - -- -- --
M1 <2 <.2% -- - - - - -
M2 <2 <.2% - - - - - -
M3 - <.2* - - - - - -
M4 <2 <. 2% .05* (.003) <.04 (<.002) <.04 (<.002)
M5 - <.2% -- - - - - -
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Cadmium
Sample Total
number Total recoverable ASTM EP-TOX TCLP
o1 -- <0.2* - - -- - - -
02 <2 <.2* <0.04 (<0.002) <0.04 (<0.002) <0.04 (<0.002)
03 <2 <.2* - - - - - --
04 <2 <.2* - - - - - -
05 - <.2* - -- - - - -
P1 - <.2* - - - - - --
P2 <2 <.2* - - - - - -
P3 <2 <.2* - -- - - - -
P6(dup) <2 <.2* - - . -- - -
P4 <2 <.2* <.04 (<.002) <.04 (<.002) <.04 (<.002)
PS5 <2 <.2* - - - - - -
R1 <2 <.2% <.04 (<.002) <.04 (<.002) <04 (<.002)
R2 -- <.2* - - - - - -
R3 <2 <.2* -- - - - - -
R4 <2 <2 -- - - -- - -
R6(dup) - <2 -- -- - -- - --
RS - <2 -- -- -- - - -
Ul <2 <2 <.04 (<.002) <.04 (<.002) <.04 (<.002)
U2 <2 <2 -- -- -- - -- -
U3 - <2 -- - -- - - -
U6(dup) -- <2 - - - -- - -
U4 - <2 - - - - -- -
uUs <2 <2 -- - - - -- -
RS1 <2 <2 <.04 (<.002) <.04 (<.002) <.04 (<.002)
RS(dup) <2 <2 -- - - - -- -
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Chromium
Sample Total
number Total recoverable ASTM EP-TOX TCLP
Al - 515 -- -- - - - -
A2 100 41.2 <0.1 (<0.005) <0.1 (<0.005) <0.1 (<0.005)
A3 170 56.7 - - - - - -
Ad - 26.0 - - - - - -
A5 83 342 - - - - - -
A6(dup) 79 35.5 - - - - - --
Ci 160 16.0 - - - - - -
C2 - 14.8 - - -- - - --
C3 120 12.2+ - - - - - -
C4 150 10.1+ - - - - - -
c5 - 11.4+ <1 (<.005) <1 (<.005) <l (<.005)
D1 140 32.0 <1 (<.005) <1 (<.005) <1 (<.005)
D2 -- 26.7 - - - - - -
D3 - 25.1 - - - - - -
D4 130 45.2 - - - -- -- --
D5 340 163 - - -- - - -
F1 99 22.8 <1 (<.005) <1 (<.005) <1 (<.005)
F2 50 25.1 - - - - - -
F6(dup) 51 19.9 - - - - - --
F3 -- 26.6 - -- - -- - --
F4 - 59.7 - - - - - -
F5 540 313 - - - - - -
Gl 81 275 - - - - - -
G2 - 17.9 -- - - -- -- -
G3 - 24.8 - - - -- - -
G4 59 19.5 - - - - - -
GS 64 24.5 <1 (<.005) <1 (<.005) <1 (<.005)
n - 359 - - - -- - -
J2 42 10.8+ - - - - -- -
)3 84 17.9 <1 (<.005) <.l (<.005) <1 (<.005)
J4 - 18.3 -- - - - - -
J5 49 11.4+ - - - - - -
L1 260 71.3 -- - - - - -
L2 96 36.9 - - - - - -
L3 - 29.3 -- - - - - -
L4 78 20 <l (<.005) <1 (<.005) <1 (<.005)
L6(dup) 67 20.6 <1 (<.005) <1 (<.005) <1 (<.005)
L5 - 384 -- - - - - -
M1 61 215 - - - -- - --
M2 120 373 -- -- -- -- - -
M3 - 17.1 .- - - - - -
M4 57 15 <1 (<.005) <1 (<.005) <1 (<.005)
M5 - 26.1 -- - - - - -
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Chromium
Sample Total
number Total recoverable ASTM EP-TOX TCLP
O1 - 11.8 - - - - - -
02 77 17.3 <0.1 (<0.005) <0.1 (<0.005) <0.1 (<0.005)
03 68 159 - - - - - -
04 61 129 - - - - - -
05 - 14.7 - - - - .- -
P1 - 154 - - - - - -
P2 53 12.6 - - - - - -
P3 56 16.1 - -- -- - - -
P6(dup) 54 134 - - -- - - -
P4 28 6.1+ <1 (<.005) <1 (<.005) <.l (<.005)
PS 34 7.6+ - - - - - -
R1 55 5.0+ <.l (<.005) <1 (<.005) <1 (<.005)
R2 - 6.6+ - - - - - -
R3 42 10.8 - - - - - -
R4 68 8.8 - - - - - -
Ré6(dup) - 9.4 - - - - - -
RS - 9.1 - -- - -- -- -
Ul 56 124 <1 (<.005) <l (<.005) <1 (<.005)
U2 50 16.1 - -- - -- - -
U3 - 15.7 - - - - - -
U6(dup) - 179 - -- -- - - -
U4 - 129 - - - - - -
uUs 69 15.1 - - -- - - -
RS1 120 20.3 <1 (<.005) <1 (<.005) <1 (<.005)
RS(dup) 110 20.1 -- - - - - -
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Copper
Sample Total
number Total recoverable ASTM EP-TOX TCLP
Al - 339 - - - - - -
A2 29 22.5 <04 (<0.02) <04 (<0.02) <04 (<0.02)
A3 120 99.4 - - - - - --
Ad - 232 - - -- - - -
A5 28 244 - - - - -- -
A6(dup) 32 254 - - - - - -
C1 42 5.2+ - - - - - -
Cc2 - 52+ - -- - - - -
C3 23 4.3+ - - - - -- -
C4 27 4.4+ - -- - - -- -
Cs5 - 5.0+ <4 (<.02) <4 (<.02) <4 (<.02)
D1 13 7.2+ <4 (<.02) <4 (<02 <4 (<.02)
D2 -- 6.2+ - - - - - --
D3 - 8.1+ - - - - .- -
D4 28 18.7 - - - - -- -
D5 68 50.9 - - - - - -
Fl1 53 28.9 <4 (<.02) <4 (<.02) <4 (<.02)
F2 30 249 -- - - - - -
F6(dup) 31 235 -- -- - - - -
F3 -- 18.3 - - - -- - -
F4 - 31.1 - - - -- - -
F5 29 26.5 - - - - - -
Gl 39 26.2 - - - - - -
G2 - 15.4 -- - - - - -
G3 - 23.2 - - -- - - -
G4 49 31.7 - - - - - --
G5 27 239 <4 (<.02) <4 (<.02) <4 (<.02)
11 - 53.0 - - - - - -
J2 30 20.2 - - - - - --
J3 31 11.6+ <4 (<.02) <4 (<.02) <.4 (<.02)
J4 - 13.4+ - - - - - --
J5 30 11.9+ - - - - - -
L1 53 273 - - -- -- - -
L2 33 28.7 - - - - - -
L3 - 14.8+ - - - .- - -
14 28 14.7+ <4 (<.02) <4 (<.02) <4 (<.02)
L6(dup) 30 16.9+ <4 (<.02) <4 (<02) <4 (<.02)
LS - 16.0+ - - -- -- -- --
Mi 28 21.6 - - - -- - --
M2 44 26.9 - - -- -- - -
M3 - 25.9+ - - - - -- -
M4 28 20.0+ <4 (<.02) <4 (<.02) <4 (<.02)
M5 - 20.7+ - - - - - -
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Copper
Sample Total
number Total recoverable AST™M EP-TOX TCLP
(0) - 17.8+ - - - - - -
02 27 19.2+ 0.66 (0.033) <04 (<0.02) <04 (<0.02)
03 30 18.4+ - - - -- - -
04 29 21.5+ - - - - - -
05 . 20.3+ - -- -- -- - --
P1 -- 21.9+ - - - - - -
P2 28 16.0+ - - - - - --
P3 27 18.9+ - -- - -- - -
P6(dup) 25 16.8+ - - - - - --
P4 22 - 1L1+ <4 (<.02) <4 (<.02) <4 (<.02)
P5 23 12.9+ - - - - - -
R1 85 9.1+ <4 (<.02) <4 (<.02) <4 (<.02)
R2 -- 13.2+ - -- - -- - --
R3 26 14.6+ - -- -- - -- -
R4 24 12.7+ - - - - - -
R6(dup) -- 11.7+ -- -- -- -- -- -
RS - 13.2+ - - - - - -
Ul 26 14.6+ <4 (<.02) <4 (<.02) <4 (<.02)
U2 37 23.5+ - - -- - - -
U3 - 17.8+ -- -- - -- - --
U6(dup) - 17.1+ -- -- -- -- - --
U4 -- 14.1+ - - - - - -
U5 24 15.0+ - - - - -- -
RSI 21 11.0+ <4 (<.02) <4 (<.02) <4 (<.02)
RS(dup) 19 1.1+ -- -- -- -- -- -
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Iron

Sample Total
number Total recoverable ASTM EP-TOX TCLP

Al - 42 - - - - -
A2 5.2 33 0.5 (0.03) <04 (<0.02) <0.4 (<0.02)
A3 8.8 6.3 - - - - - -
A4 - 2.6 -- - -- - - -
AS 4.1 3.8 - -- - - - -
A6(dup) 5.2 40 - . - - - -

Cl 6.1 1.3 -- - - - - -
C2 -- 1.4 - - - - - -
C3 59 1.1 - - - - - -
Cc4 6.9 1.1 - - - - - -
Cs - 9 5.3 27 1.9 (.10) 1.5 (.08)

D1 34 1.7 1.2 (.06) 1.5 (.08) 1.6 (.08)
D2 -- 14 - - - - - -
D3 -- 1.8 - -- .- - . -
D4 39 23 - - - - - -
D5 6.0 5.0 - - - - - -

Fl 5.2 2.5 1.9 (.10) <4 (<.02) 14 07
F2 3.0 22 - - . - - .
F6(dup) 30 22 - - - . - -
F3 - 2.1 - - - - - -
F4 - 32 - - - - - -
FS 49 32 - - - - - -

Gl 8.8 56 - - - - - -
G2 - 3.0 - - - - - -
G3 - 2.1 - - - - - -
G4 5.8 3.4 - - . - - -
Gs 54 4.0 <4 (<.02) 9 (.05) 9 (.05)

1 - 2.8 - - - - - -
12 2.5 13 - - - - - -
13 4.1 1.6 6 (.03) 7 (.03) 11 (.06)
14 - 12 - - - - - -
15 2.5 1.0 - - - - - -

L1 5.4 2.6 - - - - - -
L2 4.1 2.5 - - - - - -
L3 - 2.0 - - - - - -
L4 4.1 19 2.0 1 9 (.04) 4 (.02)
L6(dup) 4.1 2.0 <4 (<.02) 6 (03) 6 (.03)
LS - 2.3 - - - - - -

Ml 77 52 - - - - - -
M2 74 43 - - - - - -
M3 - 2.3 - - - - - -
M4 4.6 33 <4 (<02) 6 (03) 2.0 (.10)
M5 - 2.7 - - - - - -
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Iron
Sample Total
number Total recoverable ASTM EP-TOX TCLP
01 -- 2.2 - -- - -- -- -
02 3.8 2.1 <0.7 (<0.04) 0.7 (0.04) 0.9 0.04)
03 34 2.3 - -- - -- -- -
04 5.7 2.8 - - - - . -
05 - 2.4 -- -- -- -- -- --
Pl - 3.0 -- -- -- -- -- -
P2 4.0 2.5 -- - - - - -
P3 4.0 2.6 - -- - - - -
P6(dup) 4.0 2.3 -- - - - - -
P4 2.8 1.1 .6 (.03) 4 (.02) .8 (.04)
P5 2.8 1.3 -- - - - - .
R1 9.3 2.1 6.3 (.3) 9 (.05) 17.5 (.90)
R2 - 2.4 -- -- -- -- - --
R3 3.8 1.7 -- - - - - -
R4 6.0 1.6 -- -- - - - -
R6(dup) -- 1.7 - -- -- - - -
RS -- 2.2 -- -- -- -- -- -
Ul 4.6 2.3 1.2 (.06) .6 (.03) 52 (.30)
U2 3.8 2.1 - -- - - - -
U3 - 2.1 -- - - -- -- --
U6(dup) - 2.3 - -- -- - - -
U4 -- 2.0 -- -- -- - - --
us 3.3 1.9 - -- -- - - -
RS1 3.2 1.3 <4 (<.02) <4 (<.02) <4 (<.02)
RS(dup) 3.2 1.4 -- - -- - - -
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Mercury

Sample Total
number Total recoverable ASTM EP-TOX TCLP

Al -- 0.119 -- -- - -- -- -

A2 0.16 .093 0.003 (0.0002) <0.0008 (<0.00004) <0.001 (<0.0001)
A3 22 .055 -- - - -- - -

A4 -- .042% -- -- -- - - -

A5 .20 .061 -- - - -- - -
A6(dup) 14 .056 - - - - - -

Cl 5.9 .009* - -- - - - -

C2 - .01* - -- - - -- --

C3 6 011* -- -- -- -- - -

Cc4 .20 011* -- - -- -- - --

C5 -- .009* .003 (.0002) <0008 (<.00004) <.001 (<.0001)
D1 .06 .021 .002 (.0001) <.0008 (<.00004) <.001 (<.0001)
D2 -- .038* - -- - - - -

D3 -- .031% -- -- -- -- - --

D4 .10 045* -- - - -- - -

D5 .38 .185 - - -- -- - -

F1 .26 .065 .003 (.0002) <0008 (<.00004) <.001 (<.0001)
F2 .08 .03* - - -- - - --
F6(dup) .10 .03* -- -- - -- -- -

F3 - .039% - - - - - -

F4 - 047* - - - - - -

F5 .06 .058 -- - -~ - - -

Gl .06 .019* -- -- -- -- - -

G2 -- .018% - -~ - -- - -

G3 -- .025* -- - -- - -- --

G4 .08 .042* -- - -- -- - -

G5 .06 .05% .003 (.0002) <0008  (<.00004) <.001 (<.0001)
I -- .025%* -- -- - - -- -

2 .06 .01* -- -- - -- - -

13 .04 <.004 .003 (.0001) <0008 (<.00004) <.001 (<.0001)
J4 -- .007* -- - -- -- -- --

J5 04 .013* -- - -- -- - --

L1 .04 .005* - -- -- - - -

L2 .04 .015% - -- - -- - --

L3 - .01#* - -- -- -- -- --

L4 .04 .013* .004 (.0002) <0008 (<.00004) <.001 (<.0001)
L6(dup) .06 .007* .001 (.0001) <0008 (<.00004) <.001 (<.0001)
L5 - .004* - -- -- -- - -

M1 .08 .01 - - -- - - --

M2 .08 .01%* - -- -- - - -

M3 - .05 -- - -- - - -

M4 .06 .01% .003 (.0001) <0008 (<.00004) .001 (.0001)
MS -- .05 - -- - -- -- --
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Mercury
Sample Total
number Total recoverable ASTM EP-TOX TCLP
o1 - 0.006* - - - - - --
02 0.04 .019* 0.004 (0.0002) <0.0008 (<0.00004) <0.001 (<0.0001)
03 .06 .031* -- - - -- - -
04 .06 .037* - - - - -- -
05 - .061 - - - - -- -
P1 - .021 - -- - -- -- --
P2 .04 .008* -- - - -- - -
P3 .04 <.004 - - - - - -
P6(dup) .04 .006* -- -- - - -- --
P4 .04 .011* .002 (.0001) <0008 (<.00004) <.001 (<.0001)
P5 .04 <.004 - -- -- - - --
R1 .68 <.004 .002 (.0001) <.0008  (<.00004) <.001 (<.0001)
R2 -- <.004 -- -- -- -- - --
R3 .04 <.004 - - - - - -
R4 .04 <.004 -- - - -- -- -
R6(dup) -- <.004 -- - -- - -- --
RS -- .01* -- -- - - - -
Ul .10 .006* .002 (.0001) <0008  (<.00004) <.001 (<.0001)
U2 .08 .012* -- - -- - - -
U3 -- <.004 -- - -- - - -
U6(dup) -- 021* -- -- -- - -- -
U4 -- .007* -- - -- -- -- --
uUs .04 .006* - -- .- -- -- --
RS1 12 .062 .002 (.0001) <0008 (<.00004) <.001 (<.0001)
RS(dup) 12 .04* -- -- - - - --
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Manganese
Sample Total
number Total recoverable ASTM EP-TOX TCLP
Al -- 537 - - - - -- --
A2 410 303 0.7 (0.04) 0.9 0.04) 3.5 (0.18)
A3 1,500 930 - -- -- - - -
A4 - 277 .- - -- - -- -
AS 680 633 -- - - -- - --
A6(dup) 650 698 -- -- -- -- - --
Cl1 1,300 159 - - - - -- -
C2 - 149 - -- - - -- -
C3 820 107 - - - - -- -
C4 800 112 -- - - - - --
Cs5 - 78 <4 (<.02) <4 (<.02) <4 (<.02)
Di 550 229 <4 (<.02) <4 (<.02) 1.4 .07)
D2 -- 197 -- -- - -- - --
D3 -- 231 -- -- -- -- -- --
D4 580 366 -- -- - - -- -
D5 690 631 - - -- - - -
F1 740 339 <4 (<.02) <4 (<.02) 1.2 (.06)
F2 1,400 783 - -- - -- - -
F6(dup) 1,400 696 - -- -- -- -- -
F3 - 344 - - - - - --
F4 - 757 -- - - - - --
F5 750 478 -- - -- -- - --
Gl 1,100 825 -- - - -- - -
G2 - 478 - - -- - - --
G3 - 494 - - - - -- -
G4 970 686 -- -- - -- -- -
G5 620 644 <4 (<.02) <4 (<.02) 3.6 (.18)
J1 - 571 -- - - -- - -
2 630 345 - - -- - - -
I3 780 256 <4 (<.02) <4 (<.02) 7 (.04)
J4 - 234 -- - - -- -- --
J5 670 233 -- - - -- -- -
L1 910 363 -- . -- -- - --
L2 720 430 - - - -- -- -
L3 - 294 -- - - - - --
L4 670 340 <4 (<.02) <4 (<.02) .6 (.03)
L6(dup) 680 359 <4 (<.02) <4 (<.02) .6 (.03)
L5 -- 372 - - - - - -
Mi 750 485 - - - - - -
M2 1,000 680 - - - - - -
M3 - 453 - - - - - -
M4 790 814 <4 (<.02) v (.03) 6.5 (.33)
M5 - 486 - - - - - -
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Manganese
Sample Total
number Total recoverable ASTM EP-TOX TCLP
01 - 389 -- - - - -- --
02 640 361 <0.4 (<0.02) 44 0.2) 3.1 (0.15)
03 600 465 - - - - -- --
04 . 860 480 - -- - -- - -
05 -- 361 -- -- -- -- - -
P1 - 652 -- -- - -- - .-
P2 690 516 - -- -- - - .-
P3 670 523 - -- .- - - --
P6(dup) 670 499 -- -- -- -- -- --
P4 560 252 <4 (<.02) <4 (<.02) <4 (<.02)
P5 550 279 - -- - - - --
R1 1,600 245 <4 (<.02) <4 (<.02) 1.3 (.06)
R2 -- 378 -- -- -- -- - -
R3 550 325 -- -- -- -- -- -
R4 940 268 - -- -- - - --
R6(dup) -- 265 - -- -- -- -- -
R5 -- 377 - -- -- -- - --
Ul 560 390 <4 (<.02) <4 (<.02) .8 (.04)
U2 640 428 - - -- -- - -
U3 -- 450 -- - -- - - --
U6(dup) - 450 -- -- -- -- - --
U4 - 371 - .- -- -- - -
U5 540 344 -- -- -- -- -- --
RS1 560 210 <4 (<.02) <4 (<.02) .6 (.03)
RS(dup) 570 260 - -- -- -- -- --
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Nickel

Sample Total
number Total recoverable ASTM EP-TOX TCLP

Al - 26.8 -- - - - - --

A2 33 19.6 <0.4 (<0.02) <0.4 (<0.02) <0.4 (<0.02)
A3 76 63.2 - - -- -- - -

Ad -- 11.9 - - -- -- -- -

A5 24 14.2 - -- -- -- - -
A6(dup) 29 15.6 - - - -- -- --

Cl 62 10.3 . - - - -- --

C2 - 10.0 -- -- - -- -- -

C3 55 9.0 - - - - - --

C4 34 8.7 -- - - - -- -

C5 -- 7.6 <4 (<.02) <4 (<.02) <4 (<.02)
D1 66 22.3 <4 (<.02) <4 (<.02) <4 (<.02)
D2 -- 313 -- -- - - -- -

D3 -- 19.1 -- -- -- -- -- --

D4 73 39.8 -- -- - - - -

D5 120 91.1 - - - -- - -

F1 49 25.6 <4 (<.02) <4 (<.02) <4 (<.02)
F2 23 315 -- - - - - -
F6(dup) 21 20.1 -- - -- - - -

F3 - 23.1 -- -- -- -- -- .

F4 -- 56.2 -- -- -- -- -- -

F5 470 358 -- - - -- -~ -

Gl 27 204 - -- -- - - -

G2 -- 19.4 -- - - - - -

G3 - 20.6 -- - -- - - --

G4 22 13.3 - -- - - -- --

G5 23 17.5 <4 (<.02) <4 (<.02) <4 (<.02)
J1 -- 24.6 -- - - -- - --

]2 12 7.8 -- -- - -- - --

I3 30 12.3 <4 (<.02) <4 (<.02) <4 (<.02)
J4 -- 17.0 -- - -- -- -- -

J5 20 9.5 -- -- -- -- -- -

L1 70 34.1 -- -- -- -- - -

L2 36 20.8 -- -- - -- -- --

L3 -- 16.7 -- - -~ -- -- --

L4 30 12.2 <4 (<.02) <4 (<.02) <4 (<.02)
L6(dup) 32 14.9 <4 (<.02) <4 (<.02) <4 (<.02)
L5 -- 19.4 -- - - -- -- -

M1 15 9.7 -- - -- -- -- --

M2 43 29.9 -- -- - -- -- --

M3 -- 26.6 -- -- -- -- - --
M4 20 11.8 <4 (<.02) <4 (<.02) <.4 (<.02)
M5 -- 27.6 - - -- - - --
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Nickel
Sample Total
number Totat recoverable ASTM EP-TOX TCLP
(o] ] -- 12.8 - - - - - -
02 28 16.5 <0.4 (<0.02) <0.4 (<0.02) <0.4 (<0.02)
03 28 17.0 - - -- - - --
04 27 18.9 -- - - - - -
(03] -- 15.7 - - - - » - -
P1 - 16.5 -- - - - - -
P2 18 10.7 -- - - - -- -
P3 16 14.0 - -- - - - -
P6(dup) 16 11.3 -- -- -- - - --
P4 11 1.7 <4 (<.02) <.4 (<.02) <4 (<.02)
PS5 11 7.1 - . - - - -
R1 32 6.4 <4 (<.02) <4 (<.02) <4 (<.02)
R2 - 9.2 - - -- - - -
R3 18 11.2 - - - - - -
R4 24 9.7 - - - - - -
R6(dup) -- 9.9 - - -- -- - --
RS -- 11.7 - - -- - - --
Ul 20 103 <4 (<.02) <4 (<.02) <4 (<.02)
U2 24 14.6 - - -- - - -
U3 -- 13.9 - - - -- - --
U6(dup) -- 14.2 - - -- - -- --
U4 -- 10.5 -- -- - - -- -
Us 21 11.2 - - -- - -- --
RS1 45 224 <4 (<.02) <4 (<.02) <4 (<.02)
RS(dup) 44 237 - - - - - -
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Lead
Sample Total
number Total recoverable ASTM EP-TOX TCLP
Al -- 12 - - - - - -
A2 13 9.7* <04 (<0.02) <04 (<0.02) <0.4 (<0.02)
A3 4 4.0* - - -~ - - --
Ad - 4.0* - -- - - - -
A5 10 10 * - - - - - -
A6(dup) 11 10 * - -- - - - -
Cl1 12 3.2+ - - -- - - -
C2 -- 2.3* - - - - - --
C3 15 2.1* - - - - - --
C4 15 3.1* - -- - - - -
Cs5 - 2.3* <4 (<.02) <4 (<.02) <4 (<.02)
D1 11 5.2+ <4 (<.02) <4 (<.02) <4 (<.02)
D2 -- 6.1* - - - - - -
D3 - 3.8* - - -- - - -
D4 9 4.7* - - - - - -
D5 7 12.0 - - -- - - --
F1 14 10 * <4 (<.02) <4 (<.02) <4 (<.02)
F2 8 5.4* -- - - - - -
F6(dup) 8 7.4* -- - - - -~ -
F3 - 6.0* - -- - - - -
F4 - 7.3% -- - -- - - -
F5 5 3.6* - -- - - . --
Gl 12 9.9* -- - - - - --
G2 -- 5.0% - - - - - -
G3 -- 8.6* - - - - -- --
G4 14 8.7* - -- -- - - -
G5 15 13 <4 (<.02) <4 (<.02) <4 (<.02)
J1 - 9,9* - - - - -- -
2 12 5.4* - - - -- - -
3 17 6.6* <4 (<.02) <4 (<.02) <4 (<.02)
J4 -- 4.8* - - - - - -
J5 10 4.2* - - - - - -
L1 13 5.0* - - - - - -
L2 16 9.5* - -- - - - --
L3 - 8.8* - - -- -- - -
L4 12 6.4* <4 (<.02) <4 (<.02) <4 (<.02)
L6(dup) 11 3.6* <4 (<.02) <4 (<.02) <4 (<.02)
L5 -- 5.9*% - - - -- -- --
M1 10 9.4* -- - - - -- -
M2 7 9.2+ - - - - - -
M3 -- 6.6* -- - - -- -- -
M4 12 7.9* <4 (<.02) <4 (<.02) <4 (<.02)
M5 - 6.8* - - - -- - -



Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Lead
Sample Total
number Total recoverable ASTM EP-TOX TCLP
(0] - 8.2* - - -- - -- -
02 15 8.7* <04 (<0.02) <0.4 (<0.02) <0.4 (<0.02)
03 11 8.2+ -- - - - - -
04 14 109 -- - - - - -
05 -- 7.0* - - - - - -
P1 -- 11.7 - - - - - -
P2 11 8.0* - - - - - -
P3 10 104 - - - - - -
P6(dup) 11 9.8* - - - - - -
P4 11 6.7* <4 (<.02) <4 (<.02) <4 (<.02)
P5 10 5.8*% - - - - -- --
R1 36 4.2% <4 (<.02) <4 (<.02) <4 (<.02)
R2 - 8.0* - - - - - -
R3 10 6.8* - - - - - --
R4 12 6.0* - - - - -- -
R6(dup) - 5.4* - - - -- -- --
R5 - 5.3* - -- - - - -
Ul 20 13.6 <4 (<.02) <4 (<.02) <4 (<.02)
U2 21 12.0 - - - - - -
U3 - 11.0 - - - - - --
U6(dup) - 119 - - - - - --
U4 - 11.2 - - - - - --
uUs 16 10.5 - - - - - --
RS1 8 4.7* <4 (<.02) <4 (<.02) <4 (<.02)
RS(dup) 7 5.5*% - - - - - --
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Antimony

Sample Total
number Total recoverable ASTM EP-TOX TCLP

Al - <3 - - - - - -

A2 1.3 <3 <04 (<0.02) <04 (<0.02) <0.4 (<0.02)
A3 1.0 <3 -- - - - - --

Ad - <3 - - - - -- -

AS 1.4 <3 - - - . - -
A6(dup) 1.2 <3 - - - - - -

C1 ' 1.3 3 - - - - - -
Cc2 - <3 - - -- - -- -

C3 1.4 <3 - - - - - -

C4 1.9 <3 -- - -- - - -

Cs - <3 <4 (<.02) <4 (<.02) <4 (<.02)
D1 1.3 <3 <4 (<.02) <4 (<.02) <4 (<.02)
D2 - <3 - - - - - -

D3 - <3 - - - - -- -

D4 1.7 <3 - - -- - - -
D5 3.8 <3 - - - -- - --

Fl 14 <3 <4 (<.02) <4 (<.02) <4 (<.02)
F2 1.2 <3 - - -- - - --
F6(dup) 1.0 <3 -- - - - - -

F3 - <3 -- - - - - -

F4 - <3 - - - - - -

F5 1.1 <3 - -- - - - -
Gl 1.3 <3 - - - - - -
G2 - <3 - - - - - --

G3 - <3 - - - - - -

G4 1.5 <3 - - - - - -
G5 1.6 <3 <4 (<.02) <4 (<.02) <4 (<.02)
n - <3 -- - -- - - -

J2 7 <3 - - - - - -

I3 1.7 <3 <4 (<.02) <4 (<.02) <4 (<.02)
J4 - <3 - - - - -- -

15 1.2 <3 - - - - - -

L1 .6 <3 -- - - - - -

L2 1.6 <3 - - -- - - -
L3 - <3 - -- - - -- -

L4 1.0 <3 <4 (<.02) <4 (<.02) 4 (.02)
L6(dup) 1.1 <3 <4 (<.02) <4 (<.02) <4 (<.02)
LS - <3 - - - - - -

Ml 0.8 <3 - - - - - -
M2 8 <3 - - - - - -
M3 - <3 - - - - - -
M4 8 <3 <4 (<.02) <4 (<.02) <4 (<.02)
M5 - <3 - - - - - -
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

_Antimony
Sample Total
number Total recoverable ASTM EP-TOX TCLP
01 - <3 - -- -- - - -
02 1.6 <3 <0.4 (<0.02) <04 (<0.02) 04 (0.02)
03 1.2 <3 - - - - - -
04 1.7 <3 - -- - - -- -
05 -- <3 -- - -- -- -- -
P1 - <3 - -- -- - - -
P2 1.2 <3 - -- - - - -
P3 1.1 <3 - - -- -- - --
P6(dup) 1.2 <3 - - -- - - --
P4 <. <3 <4 (<.02) <4 (<.02) <4 (<.02)
P5 1.0 <3 - - -- - - --
R1 3.8 <3 <4 (<.02) <4 (<.02) <4 (<.02)
R2 - <3 - -- - -- - --
R3 .8 <3 -- -- -- - -- --
R4 1.5 <3 -- - -- - - --
R6(dup) -- <3 - - - -- -- --
R5 -- <3 - - - - - -
Ul 1.9 <3 <4 (<.02) <4 (<.02) 4 .02)
U2 1.3 <3 - -- - - - -
U3 -- <3 - - - -- -- --
U6(dup) -- <3 - - - - - -
U4 - <3 -- - - -- - --
Us 1.2 <3 -- - - -- -- --
RS1 1.2 <3 <4 (<.02) <4 (<.02) <4 (<.02)
RS(dup) 1.3 <3 -- - - - - -
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Sclenium

Sample Total
number Total recoverable ASTM EP-TOX TCLP

Al - <0.5 - - - - - -
A2 12 <5 <1 (<0.05) <1 (<0.05) <1 (<0.05)
A3 1.2 <5 - - - - - -
Ad - <5 - - - - - -
AS 2 <5 - - - - - -
A6(dup) 3 <5 - - - - - -

Ci 3 <5 - -- - -- - -
c2 -- <5 - - -- -- - -
C3 4 <5 - - - - - -
C4 3 <5 - -- - - - --
C5 - <5 <] (<.05) <1 (<.05) <1 (<.05)

D1 2 <5 <1 (<.05) <1 (<.05) <1 (<.05)
D2 -- <5 - -- -- - - --
D3 - <5 -- - - - - -
D4 .1 <5 -- - - - - -
D5 v <5 - - - - - --

FI 4 <5 <1 (<05) <1 (<.05) <l (<.05)
F2 5 <5 - -

F6(dup) 4 <5 - - - - - -

3] - <5 - - - - - -

F4 - <5 - - - - - -

F5 1 <s - - - - - -

Gl 3 <S5 - - - - - -
G2 - <5 - - - - - -
G3 - <5 - - - - - -
G4 3 < - - - - - -
G5 2 <5 <l (<05) <1 (<.05) <l (<.05)

n - <5 - - -- -- -- --
J2 1.0 <5 - -- - - - -
3 A <5 <1 (<.05) <l (<.05) <l (<.05)
J4 - <5 - - - - - -
J5 <1 <5 - - - - - -

L1 N <5 - -- -- - -- -
L2 2 <5 - - -- - -- -
L3 - <5 - -- - -- - -
L4 1 <5 <1 (<.05) <1 (<.05) <1 (<.05)
Lé(dup) 1 <5 <l (<.05) <1 (<.05) <1 (<.05)
LS -- <5 - -- - - - -

M1 <5 - - - - - -
M2 2 <5 - -- . - - -
M3 -- <5 - - -- - -- --
M4 <l <5 <l (<.05) <l (<.05) <1 (<.05)
M5 - <5 - -- -- - -- --

I
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Selenium.
Sample Total
number Total recoverable ASTM EP-TOX TCLP
01 -- <0.5 -- -- - - - -
02 <0.1 <5 <1 (<0.05) <1 (<0.05) <1 (<0.05)
03 1 <5 - - - - - -
04 1 <5 - -- - - - -
05 - <5 -- -- - - -- -
P1 -- <5 - -- -- - - -
P2 1 <5 - - - - - -
P3 1 <5 - - - - -- -
P6(dup) 1 <5 - - . - - -
P4 <1 <5 <1 (<.05) <1 (<.05) <1 (<.05
P5 <1 <5 - - - -- - -
R1 <1 <5.4 <1 (<.05) <1 (<.05) <1 (<.05)
R2 -- <5 -~ - - -- -- -
R3 <1 <5 - -- -- - - --
R4 1 <5 - - -- - - --
Ré6(dup) -- <5 - - - - - -
RS -- <5 - -- - - - -
Ul <1 <5 <1 (<.05) <1 (<.05) <1 (<.05)
U2 1.0 <5 - - - - - -
U3 -- <5 -- - -- -- - -
U6(dup) - <5 - - -- - - -
U4 -- <5 - -- - - - --
us <l <5 - -- - -- -- -
RS1 3 <5 <1 (<.05) <1 (<.05) <1 (<.05)
RS(dup) 3 <5 - - - - -- --
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Sample Total
number Total recoverable ASTM EP-TOX TCLP

Al -
A2 -
A3 -
Ad -
AS -
A6(dup) -

C1 -
C2 --
C3 -
C4 -
o] -

D1 -
D2 -
D3 -
D4 - <5 - - - - - -
D5 - <5 - - - - - -

66 666686 AGLOGG

A
(9]
'
H
'
|
'
H
'
i
)
i
'
i

F1 -- <5 <4 (<.02) <4 (<.02) <4 (<.02)
F2 - <5 -- - - - - -
F6(dup) - <5 - - - - - -
F3 -- <5 - - - - - --
F4 - <5 - - - - - -
F5 - >5.4* -- -- -- -- - --

Gl - <5 - - -~ - - -
G2 - <5 - - - - - -
G3 - <5 - -~ - - - -
G4 - <5 - - - - - -
GS - <5 <4 (<.02) <4 (<.02) <4 (<02)

1 - >9.2% - - - - - -
2 - <5 - - - - -
13 - <5 <4 (<02) <4 (<.02) <4 (<02)
14 - <5 - - - - - -
15 - <5 - - - - - -

L1 - >14 * - -- -- - - --
L2 - >5.1% - - - - - -
L3 - <5 - - - - - -
L4 - <5 <4 (<.02) <4 (<.02) <4 (<.02)
L6(dup) - <5 <4 (<.02) <4 (<.02) <4 (<.02)
LS - >7 * - - - -- -- -

M1 - >7.9*% -- -- - - -- --
M2 - >6.2% - - -- -- -- --
M3 - >9.3*% - - -- - --
M4 - >6.3* <4 (<.02) <4 (<.02) <4 (<02)
M5 - >9.2% - - -- - - -

96



Table A2.--Concentrations of metals in soils in Washington determined by different laboratory méthods--Continued

Thallium
Sample Total
number Total recoverable ASTM EP-TOX TCLP
01 -- >6.5*% - - - - - -
02 - >7.6* <04 (<0.02) <04 (<0.02) <04 (<0.02)
03 -- >8.9* - - -- - - -
04 - >6.2* -- -- - - - --
05 - >5 - - - - - -
P1 -- >10 * - - -- - - --
P2 - <5 - - - - - --
P3 - >8.5* - -- -- - -- -
P6(dup) -- >6.9* - - -- - - -
P4 -- <5 <4 (<.02) <4 (<.02) <4 (<.02)
P5 -- >9 * - -- - - - -
R1 -- <5 <4 (<.02) <4 (<.02) <4 (<.02)
R2 -- >7.3* - -- -- -- - --
R3 -- <5 - - -- -- -- -
R4 -- >5.4% -- -- - - -- -
R6(dup) -- <5 - - - -- -- -
RS -- <5 -- - -- -- - --
[8)1 -- <5 <4 (<.02) <4 (<.02) <2.0 <1
U2 -- >5.8*% -- -- -- -- -- --
U3 -- <5 -- -- -- -- -- --
U6(dup) -- <5 -- -- -- - - -
U4 - >5.3* - -- -- - - --
us -- <5 -- - - -- -- --
RS1 -- <5 <4 (<.02) <4 (<.02) <4 (<.02)
RS(dup) -- <5.7 -- - -- -- -- --
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Zinc
Sample Total
number Total recoverable ASTM EP-TOX TCLP
Al - 63.1 - - - - - -
A2 80 53.8 <04 (<0.02) 0.6 (0.03) 1.8 (0.09)
A3 100 86.0 -- - - - - -
A4 - 445 - - - -- - --
A5 95 63.0 - - - - - --
A6(dup) 96 68.0 - - -- - - -
Cl1 280 244 -- -- - - - -
C2 -- 27.5 - -- - - -- -
C3 140 21.1 - -- - - - -
Cc4 130 24.6 - -- - - - -
C5 - 24.1 <4 (<.02) 6 (.03) 1.2 (.06)
D1 110 36.7 <4 (<.02) 1.1 (.6) 1.3 on
D2 -- 424 -- - -- - - -
D3 - 45.0 - - - -- - -
D4 89 54.0 - - - - - --
D5 130 116 -- - - -- - -
F1 120 46.5 <4 (<.02) 5 (.2) 1.2 .06)
F2 76 62.7 -- - - -- -- --
F6(dup) 77 59.5 - - - - - -
F3 -- 37.9 -- -- -- -- - -
F4 - 90.7 -- -- -- -- - --
F5 69 47.9 - -- -- -- -- -
Gl 130 82.1 - -- -- - -- --
G2 -- 50.8 -- -- - -- - -
G3 - 63.0 -- -- -- -- - -
G4 120 75.3 -- -- -- -- - --
G5 94 74.0 <4 (<.02) .6 .03) 1.3 (.06)
J1 - 77.9% - -- - -- - -
2 67 394 - -- -- -- - --
J3 93 39.6 4 .02) 9 5 2.0 (.10)
J4 -- 31.4%+ -- -- - - - --
J5 65 30.7+ - -- -- -- - --
L1 160 82.3* - -- -- - - --
L2 110 75.4% - -- -- -- -- --
L3 - 58.3% - -- -- -- -- -
14 82 41.0 <4 (<.02) 4 (.02) 1.8 .09)
Lé6(dup) 82 46.9 4 .02) <4 (<.02) 1.5 (.08)
L5 -- 56.4* -- - -- -- - -
Ml 97 70.5% -- -- -- -- - --
M2 110 80.7* - - - -- -- --
M3 -- 37.0% - - - - - -
M4 81 45.2% <4 (<.02) 1.0 (.05) 1.8 (.09)
M5 - 38.8% - -- - -- -- --
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Table A2.--Concentrations of metals in soils in Washington determined by different laboratory methods--Continued

Zinc
Sample Total
number Total recoverable ASTM EP-TOX TCLP
01 - 41.5* -- - - - - -
02 70 40.5* 0.6 (0.03) 04 0.02) 0.7 (0.03)
03 76 40.5* -- - - - - -
04 88 47.4* - -- - -- - -
05 - 42 .4* - - - -- -- -
P1 - 49.4* -- - - - - -
P2 73 43.8* - -- - - - -
P3 72 47.1* - - - -- - -
P6(dup) 69 44.1* -- - -- - - --
P4 63 26.3* .5 (.03) a 4) 1.5 (.08)
PS5 61 31.5% - - - - - -
R1 180 37.4* <4 (<.02) 5 3) 2.1 (11)
R2 - 42.2% - -- - - - -
R3 66 32.4* - -- -- -- -- -
R4 84 30.3* -- - - -- - -
Ré6(dup) -- 31.6* -- -- - -- - -
RS -- 39.7*% -- -- -- - - -
Ul 96 49.6* 8 (.04) <4 (<.02) 1.9 (.10)
U2 86 46.8* - -- - - - -
U3 - 48.2* -- - - - - -
U6(dup) -- 51.6* -- - - -- - -
U4 -- 44.6* - - - - -- -
uUs 70 42.9* -- -- - -- - -
RS1 53 23.7* <4 (<.02) 4 (.02) 1.2 (.06)
RS(dup) 54 25.4* -- -- -- -- -- -
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Table A3.--Particle-size distribution of soil samples in Washington

[(dup), indicates duplicate of preceding sample; all samples were sieved prior to determination of distribution to
remove particles greater than 19 millimeters]

Sample Percent of particles finer than indicated size, in millimeters

number 16.0 8.0 4.0 2.0 1.0 0.5 0.25 0.125 0.063
Al 100.0 85.9 68.4 57.7 413 28.4 17.8 9.8 4.1
A2 89.1 73.2 58.4 48.5 333 22.5 15.0 8.6 3.0
A3 97.4 91.8 82.1 80.2 72.7 61.6 46.3 26.5 11.5
A4 99.0 85.7 69.1 55.7 40.8 31.0 229 13.1 5.8
AS 100.0 95.9 74.2 59.7 42.7 27.3 15.6 8.8 42
A6(dup) 100.0 100.0 89.2 71.8 520 35.8 23.6 159 8.7
Ci 100.0 100.0 100.0 100.0 100.0 98.9 59.0 23 1
C2 100.0 100.0 100.0 100.0 99.9 99.9 97.4 6.3 2
C3 100.0 100.0 100.0 100.0 100.0 99.9 96.1 39 4
C4 100.0 100.0 100.0 100.0 99.9 99.9 89.4 3.9 i
(6] 100.0 100.0 100.0 100.0 99.9 99.8 97.3 4.8 1.5
D1 98.5 82.1 72.0 67.5 61.6 50.3 30.1 18.7 11.1
D2 97.6 78.5 65.8 59.7 55.3 47.8 28.5 19.0 12.7
D3 100.0 89.4 79.6 76.2 71.0 615 38.2 23.1 14.6
D4 98.4 87.1 74.3 68.2 60.8 52.2 37.3 23.9 13.2
D5 98.2 83.5 67.5 56.9 42.4 30.8 20.6 12.2 58
Fl1 84.4 44.7 26.3 20.7 16.9 14.7 11.9 6.6 2.7
F2 93.1 66.2 51.1 43.0 36.8 29.9 22.2 15.7 10.0
F6(dup) 912 62.9 49.3 40.9 349 28.3 21.1 15.0 9.6
F3 97.7 90.9 84.1 80.5 75.1 67.0 50.1 33.7 20.1
F4 100.0 99.0 91.4 71.3 58.0 40.8 26.4 17.5 11.9
F5 100.0 97.2 87.4 80.2 67.4 56.3 439 30.1 16.7
Gl 100.0 98.3 95.5 93.0 81.6 63.8 445 24.7 10.5
G2 100.0 99.5 99.2 98.0 92.9 76.5 39.0 20.8 10.8
G3 98.2 83.9 70.6 60.8 48.4 39.2 32.8 23.8 8.8
G4 100.0 89.1 75.0 64.1 48.8 36.6 24.7 16.0 9.2
G5 100.0 100.0 100.0 87.5 65.9 50.5 40.3 333 23.0
bl 100.0 100.0 100.0 100.0 96.8 77.5 57.2 40.8 27.5
12 100.0 100.0 100.0 100.0 96.5 91.5 85.9 76.3 533
I3 100.0 95.2 91.1 89.4 85.5 76.8 61.0 31.8 10.2
J4 100.0 99.0 98.6 98.0 96.0 89.0 76.0 56.1 27.8
I5 100.0 94.5 90.5 87.4 81.7 73.4 62.7 49.0 30.5
L1 100.0 100.0 100.0 100.0 81.3 60.6 44.5 28.2 16.5
L2 100.0 98.7 91.9 81.8 63.1 449 30.7 19.7 11.1
L3 100.0 95.7 89.4 82.6 67.3 47.3 29.4 18.0 9.1
L4 100.0 100.0 99.7 98.5 92.0 77.3 54.4 339 20.5
L6(dup) 100.0 100.0 100.0 98.7 93.0 79.4 54.9 34.1 207
L5 97.8 93.4 86.0 80.4 67.4 51.5 36.7 22.4 10.6
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Table A3.--Particle-size distribution of soil samples in Washington--Continued

Sample Percent of particles finer than indicated size. in millimeters

number 16.0 8.0 4.0 20 1.0 0.5 0.25 0.125 0.063
M1 95.6 74.3 58.1 48.1 379 30.2 21.6 13.1 6.3
M2 96.9 81.3 65.6 583 42.2 244 11.1 52 2.6
M3 98.9 92.7 85.8 824 76.4 70.6 61.8 49.9 31.7
M4 97.2 83.0 68.2 56.3 420 333 24.5 14.1 7.4
M5 96.3 83.7 67.5 594 49.8 393 276 18.0 9.5
01 100.0 100.0 100.0 99.8 99.6 99.4 98.7 93.5 544
02 100.0 100.0 100.0 100.0 99.7 98.9 96.8 90.9 70.5
03 100.0 96.9 92.7 87.0 78.7 70.2 57.0 44.6 322
04 100.0 100.0 99.7 95.6 90.5 85.1 79.4 74.1 62.1
05 95.4 79.6 68.9 59.9 48.0 30.8 16.3 8.6 39
P1 100.0 98.5 97.5 94.9 88.9 80.3 67.1 50.5 274
P2 100.0 99.2 97.1 95.8 91.9 88.2 83.6 75.7 559
P3 100.0 100.0 100.0 98.1 94.0 88.7 81.1 72.6 52.4
P6(dup) 100.0 100.0 100.0 99.9 97.7 92.0 83.2 74.0 53.0
P4 100.0 100.0 100.0 99.9 99.7 99.5 97.6 86.4 55.6
P5 100.0 100.0 100.0 100.0 99.9 99.8 98.4 89.1 64.2
R1 100.0 100.0 100.0 100.0 99.9 97.6 76.5 21.6 N
R2 100.0 100.0 99.9 99.8 99.7 99.3 96.5 61.8 11.0
R3 100.0 100.0 100.0 99.8 99.1 97.3 94.9 89.8 70.9
R4 100.0 95.7 94.2 93.7 93.3 92.7 87.9 68.0 23.3
R6(dup)  98.7 94.7 93.1 92.6 922 91.6 87.1 67.1 225
RS 100.0 100.0 100.0 99.8 99.2 97.1 82.6 39.7 13.8
Ul 96.7 83.9 75.4 67.7 49.8 334 18.4 8.2 35
U2 98.2 73.3 484 29.0 16.4 10.9 8.5 6.9 5.1
U3 100.0 90.3 84.5 82.2 78.4 68.7 53.5 414 28.3
U6(dup) 99.2 88.6 81.1 78.1 73.0 62.9 493 38.2 257
U4 100.0 98.5 96.7 94.5 91.9 58.2 13.7 9.1 5.6
U5 100.0 93.6 85.7 76.2 61.0 44.5 299 21.3 12.1
RS1 100.0 100.0 100.0 100.0 94.3 814 55.2 315 15.1
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Table A4.--Miscellaneous characteristics of soil samples in Washington

[Concentrations of carbon are in percent of dry soil; concentrations of TPH (Total Petroleum Hydrocarbons) and
PCB's (Polychlorinated Biphenyls) are in milligrams per kilogram of dry soil; 1:1, pH values determined using 1:1
mixture by weight of soil and deionized water; CaCl,, pH values determined after the addition of CaCl, to the soil-
water mixture; --, no data; (dup), indicates duplicate of preceding sample]

Sample Carbon pH
number Organic Inorganic 1:1 CaCl, TPH PCB's
Al -- -- 54 45 <40 <27
A2 19 0.02 5.1 42 <40 <21
A3 4.6 .04 5.7 47 <40 <22*
Ad -- -- 53 42 <40 <19
AS .6 <.01 57 4.6 <40 <19
A6(dup) .6 <.01 5.6 45 <40 <19
Cl1 3.6 <.01 : 75 6.0 <40 <10
C2 -- -- 6.7 58 <40 <10
C3 1.0 <.01 6.4 52 <40 <10
C4 39 .03 7.0 5.8 <40 <10
C5 -- - 53 42 <40 <20
D1 2.6 .03 4.8 44 <40 <17
D2 -- -- 59 49 <40 <17
D3 -- -- 53 43 <40 <17
D4 14 <.01 5.0 43 <40 <18
D5 3.0 .03 52 45 <40 <22
Fl1 3.1 .04 58 5.0 <40 <12
F2 11.9 .02 6.0 49 <40 <10
F6(dup) 12.2 .01 59 5.0 <40 <10
F3 -- -- 55 45 <40 <10
F4 -- -- 6.6 52 <40 <18
F5 4 <.01 6.3 5.0 <40 <17
Gl 9 <.01 6.0 5.1 <40 <17
G2 -- - 59 5.0 <40 <17
G3 -- - 6.0 53 <40 <18
G4 1.8 <.01 6.0 47 <40 <18
G5 7 <.01 52 44 <40 <18
J1 -- - 7.9 7.3 <40 <21
12 1.6 <.01 73 6.2 <43 <18
I3 v <.01 73 6.5 <40 <16
J4 -- - 8.0 6.6 <40 <16
J5 1.5 <.01 6.8 57 <40 <16
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Table Ad.--Miscellaneous characteristics of soil samples in Washington --Continued

Sample Carbon pH_

number Organic Inorganic 1:1 CaCl, TPH PCB's
L1 1.7 <.01 6.8 5.5 <40 <20*
L2 3.1 <.01 15 6.6 <40 <22
L3 -- -- 6.1 53 <40 <22
L4 .8 <.01 6.9 6.2 <40 <19*
L6(dup) .8 <.01 6.9 6.2 <40 <22
L5 - -- 7.6 7.4 <40 <21*
M1 1.8 <0.01 73 6.5 <40 <18*
M2 22 <.01 7.0 7.0 <40 <20%*
M3 - -- 8.6 8.2 <40 <16*
M4 13 <.01 6.7 6.1 <40 <17*
M5 -- -- 7.0 59 <40 <18
01 -- -- 8.2 7.4 <40 <17*
02 4 1.1 8.9 7.6 <40 <17*
03 .8 5 8.4 7.6 <40 <17*
04 .5 4 8.4 7.7 <40 <17
05 -- -- 7.7 6.7 <40 <16
P1 -- -- 7.8 7.2 <40 <19
P2 23 <.01 73 6.4 <40 <17
P3 14 <.01 6.8 59 <40 <17
P6(dup) 1.6 <.01 6.7 59 <40 <17
P4 - -- 6.8 59 <40 <19
PS5 1.7 <.01 7.0 6.0 <40 <17
R1 29 .01 1.5 6.6 <40 <16
R2 -- -- 8.5 8.1 <40 <19
R3 4 <.01 7.9 7.0 <40 <17
R4 .8 2 8.1 8.1 <40 <16
R6(dup) -- -- 8.4 79 <40 <16
RS -- -- 8.7 7.7 <40 <16
Ul .5 <01 6.4 5.6 <40 <17*
U2 .6 <.01 6.5 5.6 <40 <16*
U3 -- -- 6.9 6.3 <40 <17*
U6(dup) -- - 6.9 5.6 <40 <17*
U4 - - 7.8 6.5 <40 <16*
[O5] 5 <.01 72 6.1 <40 <16
RS1 1.5 .02 55 5.0 - --
RS(dup) 1.5 .01 55 5.1 -- --

* Estimated; holding time prior to laboratory determinations exceeded.
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